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NANBV DIAGNOSTICS AND VACCINES 

Technical Field 

The invention relates to materials and 
methodologies for managing the spread of non-A, non-B 
hepatitis virus (NANBV) infection. More specifically, it 
relates to polynucleotides derived from the genome of an 
etiologic agent of NANBH, hepatitis C virus (HCV), to 
polypeptides encoded therein, and to antibodies directed 
to the polypeptides. These reagents are useful as screen- 
ing agents for HCV and its infection, and as protective 
agents against the disease. 
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Background Art 

Non-A, Non-B hepatitis (NANBH) is a 
transmissible disease or family of diseases that are 
believed to be viral -induced, and that are distinguishable 
from other forms of viral-associated liver diseases, 
including that caused by the known hepatitis viruses, 
i.e., hepatitis A virus (HAV), hepatitis B virus (HBV), 
and delta hepatitis virus (HDV), as well as the hepatitis 
induced by cytomegalovirus (CMV) or Epstein-Barr virus 
(EBV) . NANBH was first identified in transfused 
individuals. Transmission from man to chimpanzee and se- 
rial passage in chimpanzees provided evidence that NANBH 
is due to a transmissible infectious agent or agents. 

Epidemiologic evidence is suggestive that there 
may be three types of NANBH: the water-borne epidemic 
type? the blood or needle associated type; and the 
sporadically occurring (community acquired) type. 
However, the number of agents which may be the causative 
of NANBH are unknown. 

Clinical diagnosis and identification of NANBH 
has been accomplished primarily by exclusion of other 
viral markers. Among the methods used to detect putative 
NANBV antigens and antibodies are agar-gel diffusion, 
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counterimrounoelectrophoresis, immunofluorescence 
microscopy, immune electron microscopy, radioimmunoassay, 
and enzyme-linked immunosorbent assay. However, none of 
these assays has proved to be sufficiently sensitive, 
specific, and reproducible to be used as a diagnostic test 
for NANBH. 

Previously there was neither clarity nor agree- 
ment as to the identity or specificity of the antigen 
antibody systems associated with agents of NANBH. This 
was due, at least in part, to the prior or co-infection of 
HBV with NANBV in individuals, and to the known complexity 
of the soluble and particulate antigens associated with 
HBV, as well as to the integration of HBV DNA into the 
genome of liver cells, m addition, there is the pos- 
sibility that NANBH is caused by more than one infectious 
agent, as well as the possibility that NANBH has been mis- 
diagnosed. Moreover, it is unclear what the serological 
assays detect in the serum of patients with NANBH. it has 
been postulated that the agar-gel diffusion and counter- 
immunoelectrophoresis assays detect autoimmune responses 
or nonspecific protein interactions that sometimes occur 
between serum specimens, and that they do not represent 
specific NANBV antigen-antibody reactions. The 
immunofluorescence, and enzyme-linked immunosorbent, and 
radioimmunoassays appear to detect low levels of a 
rheumatoid-factor-like material that is frequently present 
in the serum of patients with NANBH as well as in patients 
with other hepatic and nonhepatic diseases. Some of the 
reactivity detected may represent antibody to host- 
determined cytoplasmic antigens. 

There have been a number of candidate NANBV. 
See, for example the reviews by Prince (1983), Feinstone 
35 and Hoofnagle (1984), and Overby (1985, 1986, 1987) and 
the article by Iwarson (1987). However, there is no proof 
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that any of these candidates represent the etiological 
agent of NANBH. 

The demand for sensitive, specific methods for 
screening and identifying carriers of NANBV and NANBV 
contaminated blood or blood products is significant. 
Post-transfusion hepatitis (PTH) occurs in approximately 
10% of transfused patients, and NANBH accounts for up to 
90% of these cases. The major problem in this disease is 
the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of 
transmission of NANBH by blood and blood products or by 
close personal contact require reliable screening, 
diagnostic and prognostic tools to detect nucleic acids, 
antigens and antibodies related to NANBV. in addition, 
there is also a need for effective vaccines and 
immunotherapeutic therapeutic agents for the prevention 
and/or treatment of the disease. 

Applicant discovered a new virus, the Hepatitis 
C virus (HCV), which has proven to be the major etiologic 
agent of blood-borne NANBH (BB-NANBH). Applicant's 
initial work, including a partial genomic sequence of the 
prototype HCV isolate, CDC/HCV1 (also called HCV1), is 
25 described in EPO Pub. No. 318,216 (published 31 May 1989) 
and PCT Pub. No. WO 89/04669 (published. 1 June 1989). The 
disclosures of these patent applications, as well as any 
corresponding national patent applications, are in- 
corporated herein by reference. These applications teach, 
30 ±nter alia ' recombinant DNA methods of cloning and 
expressing HCV sequences, HCV polypeptides, HCV 
immunodiagnostic techniques, HCV probe diagnostic 
techniques, anti-HCV antibodies, and methods of isolating 
new hCV sequences, including sequences of new HCV 
isolates. 

35 
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Disclosure of the Invention 

The present invention is based, in part, on new 
HCV sequences and polypeptides that are not disclosed in 
EPO Pub. No. 318,216, or in PCT Pub. No. WO 89/04669. 
Included within the invention is the application of these 
new sequences and polypeptides in, inter alia, 
immunodiagnostics, probe diagnostics, anti-HCV antibody 
production, PCR technology and recombinant DNA technology. 
Included within the invention, also, are new immunoassays 
based upon the immunogenic ity of HCV polypeptides 
disclosed herein. The new subject matter claimed herein, 
while developed using techniques described in, for 
example, EPO Pub. No. 318,216, has a priority date which 
antecedes that publication, or any counterpart thereof. 
Thus, the invention provides novel compositions and 
methods useful for screening samples for HCV antigens and 
antibodies, and useful for treatment of HCV infections. 

Accordingly, one aspect of the invention is a 
recombinant polynucleotide comprising a sequence derived 
from HCV cDNA, wherein the HCV cDNA is in clone 13i, or 
clone 26 j, or clone 59a, or clone 84a, or clone CA156e, or 
clone 167b, or clone pil4a, or clone CA216a, or clone 
CA290a, or clone ag30a, or clone 205a, or clone 18g, or 
clone 16jh, or wherein the HCV cDNA is of a sequence 
indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Fig. 17. 

Another aspect of the invention is a purified 
30 P olv P e P tide comprising an epitope encoded within HCV cDNA 
wherein the HCV cDNA is of a sequence indicated by 
nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig 
17 . 

Yet another aspect of the invention is an im- 
munogenic polypeptide produced by a cell transformed with 
a recombinant expression vector comprising an ORF of DNA 
derived from HCV cDNA, wherein the HCV.cDNA is comprised 
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of a sequence derived from the HCV cDNA sequence in clone 
CA279a, or clone CA74a, or clone 13i, or clone CA290a, or 
clone 33C or clone 40b, or clone 33b, or clone 25c, or 
clone 14c, or clone 8f, or clone 33f, or clone 33g, or 
clone 39c, or clone 15e, and wherein the ORF is operably 
linked to a control sequence compatible with a desired 
host. 

Another aspect of the invention is a peptide 
comprising an HCV epitope, wherein the peptide is of the 
formula 

AA x -AA y , 

wherein x and y designate amino acid numbers shown in Fig. 
17, and wherein the peptide is selected from the group 
consisting of AA1-AA25, AA1-AA50, AA1-AA84, AA9-AA177, 
AA1-AA10, AA5-AA20, AA20-AA25, AA35-AA45, AA50-AA100, 

Q AA40-AA90, AA45-AA65, AA65-AA75, AA80-90, AA99-AA120, 
AA95-AA110, AA105-AA120, AA100-AA150, AA150-AA200, 
AA155-AA170, AA190-AA210, AA200-AA250, AA220-AA240* 
AA245-AA265, AA250-AA300, AA290-AA330, AA290-305, 
AA300-AA350, AA310-AA330, AA350-AA400, AA380-AA395, 
AA405-AA495, AA400-AA450, AA405-AA415, AA415-AA425, 
AA425-AA435, AA437-AA582, AA450-AA500, AA440-AA460, 
AA460-AA470, AA475-AA495, AA500-AA550, AA511-AA690, AA515- 
AA550, AA550-AA600, AA550-AA625, AA575-AA605, AA585-AA600, 
AA600-AA650, AA600-AA625, AA635-AA665, AA650-AA700, 

Q AA645-AA680, AA700-AA750, AA700-AA725, AA700-AA750, 
AA725-AA775, AA770-AA790, AA750-AA800, AA800-AA815, 
AA825-AA850, AA850-AA875, AA800-AA850, AA920-AA990, 
AA850-AA900, AA920-AA945, AA940-AA965, AA970-AA990, 
AA950-AA1000, AA1000-AA1060 , AA1000-AA1025 , AA1000-AA1050, 
AA1025-AA1040, AA1040-AA1055 , AA1075-AA1175, 
AA1050-AA1200, AA1070-AA1100, AA1100-AA1130 , 
AA1140-AA1165, AA1192-AA1457 , AA1195-AA1250, 
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AA1200-AA1225, AA1225-AA1250, AA1250-AA1300, 
AA1260-AA1310, AA1260-AA1280, AA1266-AA1428, 
AA1300-AA1350, AA1290-AA1310, AA1310-AA1340 , AA1345- 
AA1405, AA1345-AA1365, AA1350-AA1400, AA1365-AA1380, 
AA1380-AA1405, AA1400-AA1450, AA1450-AA1500 , 
AA1460-AA1475, AA1475-AA1515, AA1475-AA1500 , 
AA1500-AA1550, AA1500-AA1515, AA1515-AA1550, 
AA1550-AA1600, AA1545-AA1560, AA1569-AA1931, 

0 AA1570-AA1590, AA1595-AA1610, AA1590-AA1650, 
AA1610-AA1645, AA1650-AA1690, AA1685-AA1770, 
AA1689-AA1805, AA1690-AA1720 , AA1694-AA1735 , 
AA1720-AA1745, AA1745-AA1770, AA1750-AA1800, 
AA1775-AA1810, AA1795-AA1850, AA1850-AA1900 , 

5 AA1900-AA1950, AA1900-AA1920, AA1916-AA2021 , 
AA1920-AA1940, AA1949-AA2124 , AA1950-AA2000 , 
AA1950-AA1985, AA1980-AA2000, AA2000-AA2050, 
AA2005-AA2025, AA2020-AA2045 , AA2045-AA2100, 
AA2045-AA2070, AA2054-AA2223, AA2070-AA2100, 
AA2100-AA2150, AA2150-AA2200, AA2200-AA2250, 
AA2200-AA2325, AA2250-AA2330, AA2255-AA2270 , 
AA2265-AA2280, AA2280-AA2290, AA2287-AA2385 , 
AA2300-AA2350, AA2290-AA2310, AA2310-AA2330, 
AA2330-AA2350, AA2350-AA2400, AA2348-AA2464 , 
AA2345-AA2415, AA2345-AA2375, AA2370-AA2410, 
AA2371-AA2502, AA2400-AA2450, AA2400-AA2425 , 
AA2415-AA2450, AA2445-AA2500, AA2445-AA2475 , 
AA2470-AA2490, AA2500-AA2550, AA2505-AA2540, 
AA2535-AA2560, AA2550-AA2600, AA2560-AA2580, 
AA2600-AA2650, AA2605-AA2620 , AA2620-AA2650, 
AA2640-AA2660, AA2650-AA2700, AA2655-AA2670 , 
AA2670-AA2700, AA2700-AA2750, AA2740-AA2760 , 
AA2750-AA2800, AA2755-AA2780 , 
AA2780-AA2830, AA2785-AA2810, AA2796-AA2886 , 
AA2810-AA2825, AA2800-AA2850, AA2850-AA2900, 
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AA2850-AA2865, AA2885-AA2905, AA2900-AA2950, 
AA2910-AA2930, AA2925-AA2950, AA2945-end(C ' terminal). 

Still another aspect of the invention is a 
monoclonal antibody directed against an epitope encoded in 
HCV cDNA, wherein the HCV cDNA is of a sequence indicated 
by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 
17, or is the sequence present in clone 13i, or clone 26 j, 
or clone 59a , or clone 84a , or clone CA156e, or clone 
167b f or clone pil4a, or clone CA216a, or clone CA290a, or 
clone ag30a, or clone 205a, or clone 18g, or clone I6jh. 

Yet another aspect of the invention is a 
preparation of purified polyclonal antibodies directed 
against a polypeptide comprised of an epitope encoded 
within HCV cDNA, wherein the HCV cDNA is of a sequence 
indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Pig. 17, or is the sequence present in in clone 
13i, or clone 26 j, or clone 59a, or clone 84a, or clone 
CA156e, or clone 167b, or clone pil4a, or clone CA216a, or 
clone CA290a, or clone ag30a, or clone 205a, or clone 18g, 
or clone 16 jh. 

Still another aspect of the invention is a 
polynucleotide probe for HCV, wherein the probe is 
25 comprised of an HCV sequence derived from an HCV cDNA 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17, or from the complement of the HCV 
cDNA sequence. 

Yet another aspect of the invention is a kit for 
3Q analyzing samples for the presence of polynucleotides from 
HCV comprising a polynucleotide probe containing a 
nucleotide sequence of about 8 or more nucleotides, 
wherein the nucleotide sequence is derived from HCV cDNA 
which is of a sequence indicated by nucleotide numbers - 
35 319 to 1348 or 8659 to 8866 in Fig. 17, wherein the 
polynucleotide probe is in a suitable container. 
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Another aspect of the invention is a kit for 
analyzing samples for the presence of an HCV antigen 
comprising an antibody which reacts immunologically with 
an HCV antigen, wherein the antigen contains an epitope 
encoded within HCV cDNA which is of a sequence indicated 
by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 
17, or wherein the HCV cDNA is in clone 13i, or clone 26 j] 
or clone 59a, or clone 84a, or clone CA156e, or clone 
167b, or clone pil4a, or clone CA216a, or clone CA290a, or 
clone ag30a, or clone 205a, or clone 18g, or clone 16 jh. 

Yet another aspect of the invention is a kit for 
analyzing samples for the presence of an HCV antibody 
comprising an antigenic polypeptide containing an HCV 
epitope encoded within HCV cDNA which is of a sequence 
indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Pig. 17, or is in clone 13i, or clone 26 j, or 
clone 59a, or clone 84a, or clone CA156e, or clone 167b, 
or clone pil4a, or clone CA216a, or clone CA290a, or clone 
ag30a, or clone 205a, or clone 18g, or clone 16 jh. 

Another aspect of the invention is a kit for 
analyzing samples for the presence of an HCV antibody 
comprising an antigenic polypeptide expressed from HCV 
cDNA in clone CA279a, or clone CA74a, or clone 13i, or 
clone CA290a, or clone 33C or clone 40b, or clone 33b, or 
clone 25c, or clone 14c, or clone 8f, or clone 33f, or 
clone 33g, or clone 39c, or clone 15e, wherein the 
antigenic polypeptide is present in a suitable container. 

Still another aspect of the invention is a 
method for detecting HCV nucleic acids in a sample 
comprising: 

(a) reacting nucleic acids of the sample with a 
polynucleotide probe for HCV, wherein the probe is 
35 comprised of an HCV sequence derived from an HCV cDNA 

sequence is of a sequence indicated by nucleotide numbers 
-319 to 1348 or 8659 to 8866 in Fig. 17, and wherein the 
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reacting is under conditions which allow the formation of 
a polynucleotide duplex between the probe and the HCV 
nucleic acid from the sample; and (b) detecting a 
polynucleotide duplex which contains the probe, formed in 
step (a). 

Yet another aspect of the invention is an 
immunoassay for detecting an HCV antigen comprising: 

(a) incubating a sample suspected of containing 
an HCV antigen with an antibody directed against an HCV 
epitope encoded in HCV cDNA, wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17, or is the sequence present in 
i5 clone 13i, or clone 26j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16 jh, and wherein the incubating is 
under conditions which allow formation of an antigen- 
2q antibody complex; and (b) detecting an antibody-antigen 
complex formed in step (a) which contains the antibody. 

Still another aspect of the invention is an 
immunoassay for detecting antibodies directed against an 
HCV antigen comprising » 
25 (a) incuba ting a sample suspected of containing 

anti-HCV antibodies with an antigen polypeptide containing 
an epitope encoded in HCV cDNA, wherein the HCV cDNA is of 
a sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17, or is the sequence present in 
3o clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh, and wherein the incubating is 
under conditions which allow formation of an antigen- 
3s antibody complex; and detecting an antibody-antigen 
complex formed in step (a) which contains the antigen 
polypeptide . 
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Another aspect of the invention is a vaccine for 
treatment of HCV infection comprising an immunogenic 
polypeptide containing an HCV epitope encoded in HCV cDNA, 
wherein the HCV cDNA is of a sequence indicated by 
nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 17 
or is the sequence present in clone 13i, or clone 26 j, or 
clone 59a, or clone 84a, or clone CA156e, or clone 167b, 
or clone pil4a, or clone CA216a, or clone CA290a, or clone 
ag30a, or clone 205a, or clone 18g, or clone 16jh, and 
wherein the immunogenic polypeptide is present in a 
pharmacologically effective dose in a pharmaceutically 
acceptable excipient. 

Yet another aspect of the invention is a method 
for producing antibodies to HCV comprising administering 
to an individual an isolated immunogenic polyeptide 
containing an HCV epitope encoded in HCV cDNA, wherein the 
HCV cDNA is of a sequence indicated by nucleotide numbers 
-319 to 1348 or 8659 to 8866 in Pig. 17, or is of the 
sequence present in clone CA279a, or clone CA74a, or clone 
131, or clone CA290a, or clone 33C or clone 40b, or clone 
33b, or clone 25c, or clone 14c, or clone 8f, or clone 
33f, or clone 33g, or clone 39c, or clone 15e, and wherein 
the immunogenic polypeptide is present in a 
pharmacologically effective dose in a pharmaceutically 
acceptable excipient. 

Still another aspect of the invention is an 
antisense polynucleotide derived from HCV cDNA, wherein 
the HCV cDNA is that shown in Fig. 17. 

Yet another aspect of the invention is a method 
for preparing purified fusion polypeptide C100-3 compris- 
ing: 

(a) providing a crude cell lysate containing 
polypeptide C100-3, 
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(b) treating the crude cell lysate with an 
amount of acetone which causes the polypeptide to 
precipitate, 

(c) isolating and solubilizing the precipitated 

(d) isolating the C100-3 polypeptide by anion 
exchange chromatography, and 

(e) further isolating the C100-3 polypeptide of 
step (d) by gel filtration. 



material, 



Brief Descrip tion of the Drawings 
15 Fi 9- 1 shows the sequence of the HCV cDNA in 

clone 12f, and the amino acids encoded therein. 

Pig. 2 shows the HCV cDNA sequence in clone k9- 
1, and the amino acids encoded therein. 

Fig. 3 shows the sequence of clone 15e, and the 
amino acids encoded therein. 

Fig. 4 shows the nucleotide sequence of HCV cDNA 
in clone 13i, the amino acids encoded therein, and the 
sequences which overlap with clone 12f . 

Fig. 5 shows the nucleotide sequence of HCV cDNA 
in clone 26 j, the amino acids encoded therein, and the 
sequences which overlap clone 13i. 

Fig. 6 shows the nucleotide sequence of HCV cDNA 
in clone CA59a, the amino acids encoded therein, and the 
sequences which overlap with clones 26 j and K9-1. 

Fig. 7 shows the nucleotide sequence of HCV cDNA 
in clone CA84a, the amino acids encoded therein, and the 
sequences which overlap with clone CA59a. 

Fig. 8 shows the nucleotide sequence of HCV cDNA 
in clone CA156e, the amino acids encoded therein, and the 
sequences which overlap with CA84a. 
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Pig. 9 shows the nucleotide sequence of hcv cdna 
in clone CA167b, the amino acids encoded therein, and the 
sequences which overlap CA156e. 

Fig. 10 shows the nucleotide sequence of HCV 
5 cDNA in clone CA216a, the amino acids encoded therein, and 
the overlap with clone CA167b. 

Fig. 11 shows the nucleotide sequence of HCV 
cDNA in clone CA290a, the amino acids encoded therein, and 
the overlap with clone CA216a. 
10 Fi 9« 12 shows the nucleotide sequence of HCV 

cDNA in clone ag30a and the overlap with clone CA290a. 

Fig. 13 shows the nucleotide sequence of HCV 
cDNA in clone CA205a, and the overlap with the HCV cDNA 
sequence in clone CA290a. 
15 Fi 9- 14 shows the nucleotide sequence of HCV 

cDNA in clone 18g, and the overlap with the HCV cdna 
sequence in clone ag30a. 

Fig. 15 shows the nucleotide sequence of HCV 
cDNA in clone 16 jh, the amino acids encoded therein, and 
the overlap of nucleotides with the HCV cDNA sequence in 
clone 15e. 

Fig. 16 shows the ORF of HCV cDNA derived from 
clones pil4a, CA167b, CA156e, CA84a, CA59a, K9-1, I2f, 
14i, lib, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 
25c, 14c, 8f, 33f, 33g, 39c, 35f, 19g, 26g, and 15e. 

Fig. 17 shows the sense strand of the compiled 
HCV cDNA sequence derived from the above-described clones 
and the compiled HCV cDNA sequence published in EPO Pub. 
No. 318,216. The clones from which the sequence was 
derived are bU4a, 18g, ag30a, CA205a, CA290a, CA216a, 
pil4a, CA167b, CA156e, CA84a, CA59a, K9-1 (also called k9- 
D,26j, 13i, 12f, 14i, Ub, 7f, 7e, 8h, 33c, 40b, 37b, 35, 
36, 81, 32, 33b, 25c, 14c, 8f, 33f, 33g, 39c, 35f, 19g r 
26g, l5e, b5a, and 16jh. in the figure the three 
horizontal dashes above the sequence indicate the position 



20 



25 



30 



35 



WO 90/11089 



-17- 



PCT/US90/01348 



of the putative initiator methionine codon; the two 

iTtTl* !!H e8 lndiCate fir8t Md last —leotides of 
s the published sequence. Also shown in the figure is the 
amino acid sequence of the putative polyprotein encoded 
in the HCV cDNA. 

Fig. 18 is a diagram of the immunological colony 
screening method used in antigenic mapping studies. 
10 Fi 9- 19 shows the hydrophobicity profiles of 

polyproteins encoded in HCV and in West Nile virus. 

Fig. 20 is a tracing of the hydrophilicity/ 
hydrophobicity profile and of the antigenic index of the 
putative HCV polyprotein. 

15 Fi9 ' 21 snows the conserved co-linear peptides 

in HCV and Flaviviruses . 
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Modes for Carrying put the invention 



I. Definitions 

The term "hepatitis C virus" has been reserved 
by workers in the field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, 

25 "hepatitis C virus- (HCV, refers to an agent causitive of 
NANBH, which was formerly referred to as NANBV and/or BB- 
NANBV. The terms HCV, NANBV, and BB- NANBV are used inter- 
changeably herein. As an extension of this terminology, 
the disease caused by HCV, formerly called nanb hepatitis 

3Q (NANBH), is called hepatitis C. The terms NANBH and 
hepatitis C may be used interchangeably herein. 

The term "HCV, as used herein, denotes a viral 
species of which pathogenic strains cause NANBH, and at- 
tenuated strains or defective interfering particles 

35 derived therefrom. As shown infra., the HCV genome is 

comprised of rna. it is known that RNA containing viruses 
have relatively high rates of spontaneous mutation, i.e., 
reportedly on the order of 10" 3 to 10" 4 per incorporated 
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nucleotide (Fields & Knipe (1986)). Therefore, there are 
multiple strains, which may be virulent or avirulent, 
within the HCV species described infra. The compositions 
and methods described herein, enable the propagation, 
identification, detection, and isolation of the various 
HCV strains or isolates. Moreover, the disclosure herein 
allows the preparation of diagnostics and vaccines for the 
various strains, as well as compositions and methods that 
have utility in screening procedures for anti-viral agents 
for pharmacologic use, such as agents that inhibit 
replication of HCV. 

The information provided herein, although 
derived from the prototype strain or isolate of HCV, 
hereinafter referred to as CDC/HCV1 (also called HCV1), is 
sufficient to allow a viral taxonomist to identify other 
strains which fall within the species. The information 
provided herein allows the belief that HCV is a Flavi-like 
virus. The morphology and composition of Flavivirus 
particles are known, and are discussed in Brinton (1986). 
Generally, with respect to morphology, Flaviviruses 
contain a central nucleocapsid surrounded by a lipid 
bilayer. Virions are spherical and have a diameter of 
about 40-50 nm. Their cores are about 25-30 nm in 
diameter. Along the outer surface of the virion envelope 
are projections that are about 5-10 nm long with terminal 
knobs about 2 nm in diameter. 

Different strains or isolates of HCV are 
expected to contain variations at the amino acid and 
nucleic acids compared with the prototype isolate, HCV1. 
Many isolates are expected to show much (i.e. more than 
about 40%) homology in the total amino acid sequence 
compared with HCV1. However, it may also be found that 
_ other less homologous HCV isolates. These would be 

defined as HCV strains according to various criteria such 
as an ORF of approximately 9,000 nucleotides to ap- 
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proximately 12,000 nucleotides, encoding a polyprotein 
similar in size to that of HCV1, an encoded polyprotein of 
s similar hydrophobic and antigenic character to that of 
HCVl, and the presence of co-linear peptide sequences that 
are conserved with HCVl. m addition, the genome would be 
a positive-stranded RNA. 

HCV encodes at least one epitope which is im- 
munologically identifiable with an epitope in the HCV 
genome from which the cDNAs described herein are derived; 
preferably the epitope is contained an amino acid sequence 
described herein. The epitope is unique to HCV when 
compared to other known Flaviviruses . The uniqueness of 

ig the epitope may be determined by its immunological re- 
activity with anti-HCV antibodies and lack of im- 
munological reactivity with antibodies to other Flavivirus 
species. Methods for determining immunological reactivity 
are known in the art, for example, by radioimmunoassay, by 

2q Elisa assay, by hemagglutination, and several examples of 
suitable techniques for assays are provided herein. 

In addition to the above, the following 
parameters of nucleic acid homology and amino acid homol- 
ogy are applicable, either alone or in combination, in 

25 identifying a strain or isolate as HCV. Since HCV strains 
and isolates are evolutionarily related, it is expected 
that the overall homology of the genomes at the nucleotide 
level probably will be about 40% or greater, probably 
about 60% or greater, and even more probably about 80% or 

3q greater; and in addition that there will be corresponding 
contiguous sequences of at least about 13 nucleotides. 
The correspondence between the putative HCV strain genomic 
sequence and the CDC/HCV1 cDNA sequence can be determined 
by techniques known in the art. For example, they can be 

35 determined by a direct comparison of the sequence informa- 
tion of the polynucleotide from the putative HCV, and the 
HCV cDNA sequence(s) described herein. For example, also, 
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they can be determined by hybridization of the 
polynucleotides under conditions which form stable 
duplexes between homologous regions (for example, those 
which would be used prior to S x digestion), followed by 
digestion with single stranded specific nuclease(s), fol- 
lowed by size determination of the digested fragments. 

Because of the evolutionary relationship of the 
strains or isolates of HCV, putative HCV strains or 
isolates are identifiable by their homology at the 
polypeptide level. Generally, HCV strains or isolates are 
expected to be more than about 40% homologous, probably 
more than about 70% homologous, and even more probably 
more than about 80% homologous, and some may even be more 
than about 90% homologous at the polypeptide level. The 
techniques for determining amino acid sequence homology 
are known in the art. For example, the amino acid 
sequence may be determined directly and compared to the 
sequences provided herein. Alternatively the nucleotide 
sequence of the genomic material of the putative HCV may 
be determined (usually via a cDNA intermediate), the amino 
acid sequence encoded therein can be determined, and the 
corresponding regions compared. 

As used herein, a polynucleotide "derived from" 
a designated sequence refers to a polynucleotide sequence 
which is comprised of a sequence of approximately at least 
about 6 nucleotides, preferably at least about 8 
nucleotides, more preferably at least about 10-12 
nucleotides, and even more preferably at least about 15-20 
nucleotides corresponding to a region of the designated 
nucleotide sequence. "Corresponding" means homologous to 
or complementary to the designated sequence. Preferably, 
the sequence of the region from which the polynucleotide 
3s is derived is homologous to or complementary to a sequence 
which is unique to an HCV genome. Whether or not a 
sequence is unique to the HCV genome can be determined by 
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techniques known to those of skill in the art. For 
example, the sequence can be compared to sequences in 
databanks, e.g., Genebank, to determine whether it is 
present in the uninfected host or other organisms. The 
sequence can also be compared to the known sequences of 
other viral agents, including those which are known to 
induce hepatitis, e.g., HAV, HBV, and HDV, and to other 
members of the Flaviviridae. The correspondence or non- 
correspondence of the derived sequence to other sequences 
can also be determined by hybridization under the ap- 
propriate stringency conditions. Hybridization techniques 
for determining the complementarity of nucleic acid 
sequences are known in the art, and are discussed infra. 
See also, for example, Maniatis et al. (1982). m addil 
tion, mismatches of duplex polynucleotides formed by 
hybridization can be determined by known techniques, 
including for example, digestion with a nuclease such as 
SI that specifically digests single-stranded areas in 
duplex polynucleotides. Regions from which typical DNA 
sequences may be "derived" include but are not limited to, 
for example, regions encoding specific epitopes, as well 
as non- transcribed and/or non-translated regions. 
25 The derived polynucleotide is not necessarily 

physically derived from the nucleotide sequence shown, but 
may be generated in any manner, including for example, 
chemical synthesis or DNA replication or reverse 
transcription or transcription. In addition, combinations 
3q of regions corresponding to that of the designated 

sequence may be modified in ways known in the art to be 
consistent with an intended use. 

Similarly, a polypeptide or amino acid sequence 
"derived from" a designated nucleic acid sequence refers 
3s to a polypeptide having an amino acid sequence identical 
to that of a polypeptide encoded in the sequence, or a 
portion thereof wherein the portion consists of at least 



20 



WO 90/11089 



-22 



PCT/US90/01348 



10 



15 



3-5 amino acids, and more preferably at least 8-10 amino 
acids, and even more preferably at least 11-15 amino 
acids, or which is immunologically identifiable with a 
polypeptide encoded in the sequence. 

A recombinant or derived polypeptide is not 
necessarily translated from a designated nucleic acid 
sequence, for example, the HCV cDNA sequences described 
herein, or from an HCV genome; it may be generated in any 
manner, including for example, chemical synthesis, or 
expression of a recombinant expression system, or isola- 
tion from mutated HCV. a recombinant or derived 
polypeptide may include one or more analogs of amino acids 
or unnatural amino acids in its sequence. Methods of 
inserting analogs of amino acids into a sequence are known 
in the art. it also may include one or more labels, which 
are known to those of skill in the art. 

The term "recombinant polynucleotide" as used 
herein intends a polynucleotide of genomic, cDNA, 
semisynthetic, or synthetic origin which, by virtue of its 
origin or manipulation whichi (1) is not associated with 
all or a portion of a polynucleotide with which it is as- 
sociated in nature, (2) is linked to a polynucleotide 
25 other than that to which it is linked in nature, or (3) 
does not occur in nature. 

The term "polynucleotide" as used herein refers 
to a polymeric form of nucleotides of any length, either 
ribonucleotides or deoxyribonucleotides . This term refers 
3o only to the primary structure of the molecule. Thus, this 
term includes double- and single-stranded DNA, as well as 
double- and single stranded RNA. It also includes known 
types of modifications, for example, labels which are 
known in the art, methylation, "caps", substitution of one 
3s or more of the naturally occurring nucleotides with an 
analog, internucleotide modifications such as, for 
example, those with uncharged linkages (e.g., methyl 



20 



WO 90/11089 



-23- 



PCT/US90/01348 



10 



15 



20 



25 



30 



35 



phosphonates , phosphotriesters , phosphoamidates , 
carbamates, etc.) and with charged linkages (e.g., 
phosphorothioates , phosphorodithioates , etc.), those 
containing pendant moieties, such as, for example proteins 
(including for e.g., nucleases, toxins, antibodies, signal 
peptides, poly-L-lysine, etc.), those with intercalators 
(e.g., acridine, psoralen, etc.), those containing 
chelators (e.g., metals, radioactive metals, boron, oxida- 
tive metals , etc . ) , those containing alkylators , those 
with modified linkages (e.g., alpha anomeric nucleic 
acids, etc.), as well as unmodified forms of the 
polynucleotide. 

The term "purified viral polynucleotide" refers 
to an HCV genome or fragment thereof which is essentially 
free, i.e., contains less than about 50%, preferably less 
than about 70%, and even more preferably less than about 
90% of polypeptides with which the viral polynucleotide is 
naturally associated. Techniques for purifying viral 
polynucleotides from viral particles are known in the art, 
and include for example, disruption of the particle with a 
chaotropic agent, differential extraction and separation 
of the polynucleotide* s) and polypeptides by ion-exchange 
chromatography, affinity chromatography, and sedimentation 
according to density. 

The term "purified viral polypeptide" refers to 
an HCV polypeptide or fragment thereof which is es- 
sentially free, i.e., contains less than about 50%, 
preferably less than about 70%, and even more preferably 
less than about 90%, of cellular components with which the 
viral polypeptide is naturally associated. Techniques for 
purifying viral polypeptides are known in the art, and 
examples of these techniques are discussed infra. The term 
"purified viral polynucleotide" refers to an HCV genome or 
fragment thereof which is essentially free, i.e., contains 
less than about 20%, preferably less than about 50%, and 
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even more preferably less than about 70% of polypeptides 
with which the viral polynucleotide is naturally associ- 
ated. Techniques for purifying viral polynucleotides from 
viral particles are known in the art, and include for 
example, disruption of the particle with a chaotropic 
agent, and separation of the polynucleotide^ ) and 
polypeptides by ion-exchange chromatography, affinity 
chromatography, and sedimentation according to density. 

"Recombinant host cells", "host cells", "cells", 
"cell lines", "cell cultures", and other such terms denot- 
ing microorganisms or higher eukaryotic cell lines 
cultured as unicellular entities refer to cells which can 
be, or have been, used as recipients for recombinant vec- 
tor or other transfer DNA, and include the progeny of the ' 
original cell which has been transfected. It is 
understood that the progeny of a single parental cell may 
not necessarily be completely identical in morphology or 
in genomic or total DNA complement as the original parent, 
due to natural, accidental, or deliberate mutation. 

A "replicon" is any genetic element, e.g., a 
plasmid, a chromosome, a virus, a cosmid, etc. that 
behaves as an autonomous unit of polynucleotide replica- 
tion within a cell; i.e., capable of replication under its 
own control. 

A "vector" is a replicon in which another 
polynucleotide segment is attached, so as to bring about 
the replication and/or expression of the attached segment. 

"Control sequence" refers to polynucleotide 
sequences which are necessary to effect the expression of 
coding sequences to which they are ligated. The nature of 
such control sequences differs depending upon the host 
organism; in prokaryotes, such control sequences generally 
include promoter, ribosomal binding site, and terminators; 
in eukaryotes, generally, such control sequences include 
promoters, terminators and, in some instances, enhancers. 
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The term "control sequences" is intended to include, at a 
minimum, all components whose presence is necessary for 
expression, and may also include additional components 
whose presence is advantageous, for example, leader 
sequences . 

"Operably linked" refers to a juxtaposition 
wherein the components so described are in a relationship 
permitting them to function in their intended manner. A 
control sequence "operably linked" to a coding sequence is 
ligated in such a way that expression of the coding 
sequence is achieved under conditions compatible with the 
control sequences. 

15 ^ "°P en reading frame" (ORF) is a region of a 

polynucleotide sequence which encodes a polypeptide; this 
region may represent a portion of a coding sequence or a 
total coding sequence. 

A "coding sequence" is a polynucleotide sequence 
which is transcribed into mRNA and/or translated into a 
polypeptide when placed under the control of appropriate 
regulatory sequences. The boundaries of the coding 
sequence are determined by a translation start codon at 
the 5 '-terminus and a translation stop codon at the 3'- 
terminus. a coding sequence can include, but is not 
limited to mRNA, cDNA, and recombinant polynucleotide 
sequences . 

"immunologically identifiable with/as" refers to 
the presence of epitope(s) and polypeptides ( s ) which are 
also present in the designated polypeptide^ ) , usually HCV 
proteins. Immunological identity may be determined by 
antibody binding and/or competition in binding; these 
techniques are known to those of average skill in the art, 
and are also illustrated infra. 
35 As used herein, "epitope" refers to an antigenic 

determinant of a polypeptide; an epitope could comprise 3 
amino acids in a spatial conformation which is unique to 
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the epitope, generally an epitope consists of at least 5 
such amino acids, and more usually, consists of at least 
8-10 such amino acids. Methods of determining the spatial 
conformation of amino acids are known in the art, and 
include, for example, x-ray crystallography and 2- 
dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with 
an antibody when it binds to an antibody due to antibody 
recognition of a specific epitope contained within the 
polypeptide. Immunological reactivity may be determined 
by antibody binding, more particularly by the kinetics of 
antibody binding, and/or by competition in binding using 
as competitor(s) a known polypeptide^ ) containing an 
epitope against which the antibody is directed. The 
techniques for determining whether a polypeptide is im- 
munologically reactive with an antibody are known in the 
art. 

As used herein, the term "immunogenic 
polypeptide" is a polypeptide that elicits a cellular and/ 
or humoral response, whether alone or linked to a carrier 
in the presence or absence of an adjuvant. 

The term "polypeptide" refers to a polymer of 
amino acids and does not refer to a specific length of the 
product; thus, peptides, oligopeptides, and proteins are 
included within the definition of polypeptide. This term 
also does not refer to or exclude post-expression 
modifications of the polypeptide, for example, 
glycosylations, acetylations , phosphorylations and the 
like, included within the definition are, for example, 
polypeptides containing one or more analogs of an amino 
acid (including, for example, unnatural amino acids, 
etc.), polypeptides with substituted linkages, as well as 
35 other modifications known in the art, both naturally oc- 
curring and non-naturally occurring. 
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"Trans formation % as used herein, refers to the 
insertion of an exogenous polynucleotide into a host cell, 
irrespective of the method used for the insertion, for 
example, direct uptake, transduction, f -mating or 
electroporation. The exogenous polynucleotide may be 
maintained as a non-integrated vector, for example, a 
plasmid, or alternatively, may be integrated into the host 
genome . 

"Treatment" as used herein refers to prophylaxis 
and/or therapy. 

An "individual", as used herein, refers to 
vertebrates, particularly members of the mammalian spe- 
cies, and includes but is not limited to domestic animals, 
sports animals, and primates, including humans. 

As used herein, the "sense strand" of a nucleic 
acid contains the sequence that has sequence homology to 
that of mRNA. The "anti-sense strand" contains a sequence 
which is complementary to that of the "sense strand". 

As used herein, a "positive stranded genome" of 
a virus is one in which the genome, whether RNA or DMA, is 
single-stranded and which encodes a viral polypeptide^ ) . 
Examples of positive stranded RNA viruses include 
Togaviridae, Coronavir idae , Retroviridae , Picornavir idae , 
and Caliciviridae. Included also, are the Flaviviridae 
which were formerly classified as Togaviradae. See Fields 
& Knipe (1986). 

As used herein, "antibody-containing body 
component" refers to a component of an individual's body 
which is a source of the antibodies of interest. Antibody 
containing body components are known in the art, and 
include but are not limited to, for example, plasma, 
serum, spinal fluid, lymph fluid, the external sections of 
the respiratory, intestinal, and genitourinary tracts, 
tears, saliva, milk, white blood cells, and myelomas. 
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As used herein, "purified HCV" refers to a 
preparation of hcv which has been isolated from the cel- 
lular constituents with which the virus is normally as- 
sociated, and from other types of viruses which may be 
present in the infected tissue. The techniques for 
isolating viruses are known to those of skill in the art, 
and include, for example, centrif ugation and affinity 
chromatography; a method of preparing purified HCV is 
discussed infra. 

The term "HCV particles" as used herein include 
entire virion as well as particles which are intermediates 
in virion formation. HCV particles generally have one or 
more HCV proteins associated with the HCV nucleic acid. 

As used herein, the term "probe" refers to a 
polynucleotide which forms a hybrid structure with a 
sequence in a target region, due to complementarity of at 
least one sequence in the probe with a sequence in the 
target region. The probe, however, does not contain a 
sequence complementary to sequence(s) used to prime the 
polymerase chain reaction. 

As used herein, the term "target region" refers 
to a region of the nucleic acid which is to be amplified 
and/or detected. 

As used herein, the term "viral RNA" , which 
includes HCV RNA, refers to RNA from the viral genome, 
fragments thereof, transcripts thereof, and mutant 
sequences derived therefrom. 

As used herein, a "biological sample" refers to 
a sample of tissue or fluid isolated from an individual, 
including but not limited to, for example, plasma, serum, 
spinal fluid, lymph fluid, the external sections of the 
skin, respiratory, intestinal, and genitourinary tracts, 
tears, saliva, milk, blood cells, tumors, organs, and also 
samples of in vitro cell culture constituents (including 
but not limited to conditioned medium resulting from the 
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growth of cells in cell culture medium, putatively virally 
infected cells, recombinant cells, and cell components). 

II* Description of the Invention 

The practice of the present invention will 
employ, unless otherwise indicated, conventional 
techniques of molecular biology, microbiology, recombinant 
DNA, and immunology, which are within the skill of the 
art. Such techniques are explained fully in the 
literature. See e.g., Maniatis, Fitsch & Sambrook, 
MOLECULAR CLONING; A LABORATORY MANUAL (1982); DNA CLON- 
ING, VOLUMES I AND II (D.N Glover ed. 1985); 
OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC 
ACID HYBRIDIZATION (B.D. Hames & S.J. Higgins eds. 1984)- 
TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J. Higgins' 
eds. 1984); ANIMAL CELL CULTURE (R.I. Freshney ed. 1986); 
IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. 
2Q Perbal, A PRACTICAL GUIDE TO MOLECULAR CLONINg' ( 1984 ) ; 
the series, METHODS IN ENZYMOLOGY (Academic Press, Inc!)- 
GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and 
M.P. calos eds. 1987, Cold Spring Harbor Laboratory), 
Methods in Enzymology Vol. 154 and Vol. 155 (Wu and 
25 Grossman, and Wu, eds., respectively), Mayer and Walker, 
eds. (1987), IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR 
BIOLOGY (Academic Press, London), Scopes, (1987), PROTEIN 
PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition 
(Springer-Verlag, N.Y.), and HANDBOOK OF EXPERIMENTAL IM- 
MUNOLOGY, VOLUMES l-iv (D.M. Weir and C. C. Blackwell eds 
1986). All patents, patent applications, and publications 
mentioned herein, both supra and infra, are hereby in- 
corporated herein by reference. 

The useful materials and processes of the 
present invention are made possible by the provision of a 
family of nucleotide sequences isolated from cDNA librar- 
ies which contain HCV cDNA sequences. These cDNA librar- 
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ie8 were derived from nucleic acid sequences present in 
the plasma of an HCV- infected chimpanzee. The construc- 
tion of one of these libraries, the "c" library (ATCC No. 
40394), was reported in EPO Pub. No. 318,216. Several of 
the clones containing HCV cDNA reported herein were 
obtained from the "c" library. Although other clones 
reported herein were obtained from other HCV cDNA librar- 
ies, the presence of clones containing the sequences in 
the M c" library was confirmed. As discussed in EPO Pub. 
No. 318,216, the family of HCV cDNA sequences isolated 
from the "c" library are not of human or chimpanzee 
origin, and show no significant homology to sequences 
contained within the HBV genome. 

The availability of the HCV cDNAs described 
herein permits the construction of polynucleotide probes 
which are reagents useful for detecting viral 
polynucleotides in biological samples, including donated 
blood. For example, from the sequences it is possible to 
synthesize DNA oligomers of about 8-10 nucleotides, or 
larger, which are useful as hybridization probes to detect 
the presence of HCV RNA in, for example, donated blood, 
sera of subjects suspected of harboring the virus, or cell 
culture systems in which the virus is replicating, in 
addition, the cDNA sequences also allow the design and 
production of HCV specific polypeptides which are useful 
as diagnostic reagents for the presence of antibodies 
raised during HCV infection. Antibodies to purified 
polypeptides derived from the cDNAs may also be used to 
detect viral antigens in biological samples, including, 
for example, donated blood samples, sera from patients 
with NANBH, and in tissue culture systems being used for 
HCV replication. Moreover, the immunogenic polypeptides 
disclosed herein, which are encoded in portions of the ORF 
of HCV cDNA shown in Fig. 17, are also useful for HCV 
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screening, diagnosis, and treatment, and for raising anti- 
bodies which are also useful for these purposes. 

In addition, the novel cDNA sequences described 
herein enable further characterization of the HCV genome. 
Polynucleotide probes and primers derived from these 
sequences may be used to amplify sequences present in cDNA 
libraries, and/or to screen cDNA libraries for additional 
overlapping cDNA sequences, which, in turn, may be used to 
obtain more overlapping sequences. As indicated infra, 
and in EPO Pub. No. 318,216, the genome of HCV appears to 
be RNA comprised primarily of a large open reading frame 
(ORF) which encodes a large polyprotein. 
15 The HCV CDN A sequences provided herein, the 

polypeptides derived from these sequences, and the im- 
munogenic polypeptides described herein, as well as anti- 
bodies directed against these polypeptides are also useful 
in the isolation and identification of the blood-borne 
NABV (BB-NANBV) agent (s). For example, antibodies 
directed against HCV epitopes contained in polypeptides 
derived from the cDNAs may be used in processes based upon 
affinity chromatography to isolate the virus. 
Alternatively, the antibodies may be used to identify 
viral particles isolated by other techniques. The viral 
antigens and the genomic material within the isolated 
viral particles may then be further characterized. 

In addition to the above, the information 
provided infra allows the identification of additional HCV 
strains or isolates. The isolation and characterization 
of the additional HCV strains or isolates may be ac- 
complished by isolating the nucleic acids from body 
components which contain viral particles and/or viral RNA, 
creating cDNA libraries using polynucleotide probes based' 
3s on the HCV cDNA probes described infra., screening the 
libraries for clones containing HCV cDNA sequences 
described infra., and comparing the HCV cDNAs from the new 
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isolates with the cDNAs described infra. The polypeptides 
encoded therein, or in the viral genome, may be monitored 
for immunological cross-reactivity utilizing the 
polypeptides and antibodies described supra. Strains or 
isolates which fit within the parameters of HCV, as 
described in the Definitions section, supra., are readily 
identifiable. Other methods for identifying HCV strains 
will be obvious to those of skill in the art, based upon 
the information provided herein. 



Isolation of the HCV cDNA Sequences 

The novel HCV cDNA sequences described infra, 
extend the sequence of the cDNA to the HCV genome reported 
in EPO Pub. No. 318,216. The sequences which are present 
in clones bll4a, 18g, ag30a, CA205a, CA290a, CA216a, 
pil4a, CA167b, CA156e, CA84a, and CA59a lie upstream of 
the reported sequence, and when compiled, yield 
nucleotides nos. -319 to 1348 of the composite HCV cDNA 
sequence. (The negative number on a nucleotide indicates 
its distance upstream of the nucleotide which starts the 
putative initiator MET codon.) The sequences which are 
present in clones b5a and 16jh lie downstream of the 
25 reported sequence, and yield nucleotides nos. 8659 to 8866 
of the composite sequence. The composite HCV cDNA 
sequence which includes the sequences in the afore- 
mentioned clones, is shown in Fig. 17. 

The novel HCV cDNAs described herein were 
3q isolated from a number of HCV cDNA libraries, including 
the "c" library present in lambda gtll (ATCC No. 40394). 
The HCV cDNA libraries were constructed using pooled serum 
from a chimpanzee with chronic HCV infection and contain- 
ing a high titer of the virus, i.e., at least 10 6 chimp 
35 infectious doses/ml (ClD/ml). The pooled serum was used 
to isolate viral particles; nucleic acids isolated from 
these particles was used as the template in the construe- 
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tion of cDNA libraries to the viral genome. The 
procedures for isolation of putative HCV particles and for 
constructing the »c" HCV cDNA library is described in EPO 
Pub. No. 318,216. Other methods for constructing HCV cDNA 
libraries are known in the art, and some of these methods 
are described infra., in the Examples. Isolation of the 
sequences was by screening the libraries using synthetic 
polynucleotide probes, the sequences of which were derived 
from the 5 '-region and the 3 '-region of the known HCV cDNA 
sequence. The description of the method to retrive the 
cDNa sequences is mostly of historical interest. The 
resultant sequences (and their complements) are provided 
herein, and the sequences, or any portion thereof, could 
be prepared using synthetic methods, or by a combination 
of synthetic methods with retrieval of partial sequences 
using methods similar to those described herein. 

Preparation of Vira l Polypeptides and Frag ments 

The availability of HCV cDNA sequences, or 
nucleotide sequences derived therefrom (including segments 
and modifications of the sequence), permits the construc- 
tion of expression vectors encoding antigenically active 
regions of the polypeptide encoded in either strand. 
These antigenically active regions may be derived from 
coat or envelope antigens or from core antigens, or from 
antigens which are non-structural including, for example, 
polynucleotide binding proteins, polynucleotide 
polymerase^), and other viral proteins required for the 
replication and/or assembly of the virus particle. Frag- 
ments encoding the desired polypeptides are derived from 
the cDNA clones using conventional restriction digestion 
or by synthetic methods, and are ligated into vectors 
which may, for example, contain portions of fusion 
sequences such as beta-galactosidase or superoxide 
dismutase (SOD), preferably SOD. Methods and vectors 
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which are useful for the production of polypeptides which 
contain fusion sequences of SOD are described in European 
Patent Office Publication number 0196056, published 
October 1, 1986. Vectors for the expression of fusion 
polypeptides of SOD and HCV polypeptides encoded in a 
number of HCV clones are described infra., in the 
Examples. Any desired portion of the HCV cDNA containing 
an open reading frame, in either sense strand, can be 
obtained as a recombinant polypeptide, such as a mature or 
fusion protein; alternatively, a polypeptide encoded in 
the cDNA can be provided by chemical synthesis. 

The DNA encoding the desired polypeptide, 
whether in fused or mature form, and whether or not 
containing a signal sequence to permit secretion, may be 
ligated into expression vectors suitable for any 
convenient host. Both eukaryotic and prokaryotic host 
systems are presently used in forming recombinant 
polypeptides, and a summary of some of the more common 
control systems and host cell lines is given infra. The 
polypeptide is then isolated from lysed cells or from the 
culture medium and purified to the extent needed for its 
intended use. Purification may be by techniques known in 
the art, for example, differential extraction, salt 
fractionation, chromatography on ion exchange resins, af- 
finity chromatography, centrifugation, and the like. See, 
for example, Methods in Enzymology for a variety of 
methods for purifying proteins. Such polypeptides can be 
used as diagnostics, or those which give rise to neutral- 
izing antibodies may be formulated into vaccines. Anti- 
bodies raised against these polypeptides can also be used 
as diagnostics, or for passive immunotherapy, in addi- 
tion, as discussed infra., antibodies to these 
polypeptides are useful for isolating and identifying HCV 
particles. 
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Preparation of Antigenic Polyp eptides anrf Conjugation with 
Carrier ~~ 

s An antigenic region of a polypeptide is gener- 

ally relatively small— typically 8 to 10 amino acids or 
less in length. Fragments of as few as 5 amino acids may 
characterize an antigenic region. These segments may cor- 
respond to regions of HCV antigen. Accordingly, using the 

io cDNAs of HCV as a basis, DMAs encoding short segments of 
HCV polypeptides can be expressed recombinantly either as 
fusion proteins, or as isolated polypeptides, m addi- 
tion, short amino acid sequences can be conveniently 
obtained by chemical synthesis. In instances wherein the 

is synthesized polypeptide is correctly configured so as to 
provide the correct epitope, but is too small to be im- 
munogenic, the polypeptide may be linked to a suitable 
carrier. 

A number of techniques for obtaining such link- 

2q age are known in the art, including the formation of 
disulfide linkages using N-succiniraidyl-3-(2-pyridyl- 
thio)propionate (SPDP) and succinimidyl 4-(N-maleimido- 
methyl)cyclohexane-l-carboxylate (SMCC) obtained from 
Pierce Company, Rockford, Illinois, (if the peptide lacks 

25 a sulfhydryl group, this can be provided by addition of a 
cysteine residue.) These reagents create a disulfide 
linkage between themselves and peptide cysteine residues 
on one protein and an amide linkage through the epsilon- 
amino on a lysine, or other free amino group in the other. 

3Q A variety of such disulf ide/amide- forming agents are 
known. See, for example, Immun. Rev. (1982) 62:185. 
Other bifunctional coupling agents form a thioether rather 
than a disulfide linkage. Many of these thio-ether- 
forming agents are commercially available and include re- 

^ active esters of 6-maleimidocaproic acid, 2-bromoacetic 
acid, 2-iodoacetic acid, 4-(N-maleimido- 
methyljcyclohexane-l-carboxylic acid, and the like. The 
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carboxyl groups can be activated by combining them with 
succinimide or l-hydroxyl-2-nitro.-4-sulf onic acid, sodium 
5 salt Additional methods of coupling antigens employs the 
rotavirus/ -binding peptide" system described in EPO Pub 
No. 259,149, the disclosure of which is incorporated 
herein by reference. The foregoing list is not meant to 
be exhaustive, and modifications of the named compounds 
can clearly be used. 

Any carrier may be used which does not itself 
induce the production of antibodies harmful to the host 
Suitable carriers are typically large, slowly metaboli ze d 
macromolecules such as proteins; polysaccharides, such as 
15 latex functionalized sepharose, agarose, cellulose, cel- 
lulose beads and the like; polymeric amino acids, such as 
polyglutamic acid, polylysine, and the like; amino acid 
copolymers; and inactive virus particles. Especially use- 
ful protein substrates are serum albumins, keyhole limpet 
2Q hemocyanin, immunoglobulin molecules, thyroglobulin 

ovalbumin, tetanus toxoid, and other proteins well known 
to those skilled in the art. 

In addition to full-length viral proteins, 
polypeptides comprising truncated HCV amino acid sequences 
25 encoding at least one viral epitope are useful im- 
munological reagents. For example, polypeptides compris- 
ing such truncated sequences can be used as reagents in an 
immunoassay. These polypeptides also are candidate 
subunit antigens in compositions for antiserum production 
3Q or vaccines, while these truncated sequences can be 
produced by various known treatments of native viral 
protein, it is generally preferred to make synthetic or 
recombinant polypeptides comprising an HCV sequence. 
Polypeptides comprising these truncated HCV sequences can 
35 be made up entirely of HCV sequences (one or more 

epitopes, either contiguous or noncontiguous), or HCV 
sequences and heterologous sequences in a fusion protein 
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Useful heterologous sequences include sequences that 

facilitate the coupling o£ the ° r 
immunoassay support or a vaccine carrier i» „ 

wn!=n !' y ".629,783, the disclosures of 

10 which are incorporated herein by reference. 

The size of polypeptides comprising the 
truncated HCV sequences can vary widely the .in" 
being a sequence of sufficien/Le to^rovldf anTv 
epitope, while the maxi^nn size is not critical rll 

15 Zee™; USUSUy 18 "* -manually 

eZZ a d tLCo^^eT T" 
any. Typicallv llll heterologous sequence, if 

y Typically, the truncated HCV amino acid sequence 

renoth"" 9 : ab ° 0t 5 " ab0Ut 100 — acids in 

2Q length. More typically, however, the HCV sequence will b - 

l"" 1 ™ ° f ab °" » acids in length, preferaW v T 

maximum of about 30 amino acids. It is LriuHS^! 
to select HCV sequences of at least about 10 12 or « 
amino acids, up to a maximum of about 20 or 25 IZ, 

25 epito r .srisr z rzzzzrs?' 

30 m^^^ 

fnr .routine to test each polyneDtid* 

itv a„d p t r r en : e of epitope<3 ' a — *»» ^tiv. 

35 £L r eS " n ' *«lr smaller and overlap 

Ping fragments from an lde „tif ie d iOO-er to map the 
epitope of interest. Screening such peptides in an 
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immunoassay is within the skill of the art. it is also 
known to carry out a computer analysis of a protein 
s sequenceto identify potential epitopes, and then prepare 
olxgopeptides comprising the identified regions for 
screening Such a computer analysis of the HCV amino acid 
sequence is shown in Fig. 20, where the hydrophilic/ 
hydrophobic character is displayed above the antigen 

iq index The amino acids are numbered from the starting met 
(position l) as shown in Fig. 17. it is appreciated by 
those of skill in the art that such computer analysis of 
antigenicity does not always identify an epitope that 
actually exists, and can also incorrectly identify a 

is region of the protein as containing an epitope. 

ussful h?T P1SS ° f ^ aCid s****™** that may be 
useful, which are expressed from expression vectors 
comprised of clones 5-1-1, 81, CA74a, 35f, 279a, C36, 
C33b, CA290a, C8f, C12f, 14c, 15e, C25c, C33c, C33f 33a 

HCV amino acid sequences that may be useful as described 
herexn are set forth below, it is to be understood that 
these peptides do not necessarily precisely map one 
epitope, and may also contain HCV sequence that is not 

25 immunogenic. These non-immunogenlc portions of the 
sequence can be defined as described above using 
conventional techniques and deleted from the described 
sequences. Further, additional truncated HCV amino acid 
sequences that comprise an epitope or are immunogenic can 

30 be identified as described above. The following seances 
are given by amino acid number (i.e., "AAn") where TIT 
tne amino acid number as shown in Fig. 17 s 
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AA700-AA750; 
AA800-AA815; 
AA920-AA990; 
AA970-AA990? 



AA1225-AA1250; 
AA1260-AA1280; 
AA1290-AA1310; 
AA1345-AA1365; 



AA290 
AA380 
AA415 
AA440 
AA511 
AA575 
AA635 
AA700 
AA750 
AA800 
AA940- 



AA245-AA265; AA250-AA300; AA290-AA1in 

i!JSS"JiJJ!' "«"-AJ»J30 ^50-AA400 
AA405-AA495; AA400-AA450; AA405-AA415 
AA425-AA435; AA437-AA582 AA450-AA500 

^??-??2ZS ; ^75-AA49i ifsOO-ifsSO 

AA515-AA550; AA550-AA600; AA550-AA625 

AA585-AA600; AA600-AA650 AA600-^625 

AA650-AA700; AA645-AA680 AA700-AA7Sn 

AA70n- aa ,«:n. AA725-AA7??; a}770-AA790 

AA825-AA850; AA850-AA875 

AA850-AA900; AA920-AA945 ,- 

AA1040-AA1055; AA1075-AA1175 AA1050-AA12nn 

AA1J70-AA1100; AA1100-AA1130; JuSl4o3iil65 

AA1192-AA1457; JA1195-AA1250 AAl20oJuU225 

AA1250-AA1300; AA1260-AA1310 

wJlfS"^ 1428 ' AA1300-AA1350 
AA1310-AA1340; AA1345-AA1405 

AA1386-XK1405; H o°:^iJ 5 0 o 0 ; SKJJoSKS? 

AA1460-AA1475; AA1475-AA1??5 AAufs-ifJs™ 
AA1500-AA1550; AA1500-AA1515 AAISiIIaaiSSJ 
AA1550-AA1600; AA1545-AA1560- AAlIsi if Jo?? 
AA1570-AA1590; AA1595-AA161o' jSlMO ifiSi 
AA1610-AA1645; AA1650-AA1690- AA1685 if 
AA1689-AA1805; AA1690-AA1720- AA1694 ff}?« 
AA1720-AA1745; AA1745-if 1770 Sm750^Si80O 
"if"S-AA1810; AA1795-AA1850 AA1850-AA19OO 
AA1900-AA1950; AA1900-AA1920- AAlSlfi afJn?? 
AA1920-AA1940; AA1949-AA2I2?; AM950^AA2000 
AA1950-AA1985; AA1980-AA2000 AA2000-AA2O5O 
AA2005-AA2025; AA2020-AA2045 AA2045-if|?oS 
AA2045-AA2070; AA2054-AA2223 AA207O ffotSS 

AA2300-AA2350,' AA2290-AA13I6; JwlJolJSSiSo 
AA2330-AA2350; AA2350-AA2400- AA234R ff?i2! 

i£li 5 rig& 5 J AA2345-if5j??; if^Siii 2 :^ 

AA2371-AA2502; AA2400-AA2450- AA24nn aaoioc 
AA2415-AA2450; A^sJEmOO,' ^445^2475 
WslSl^SS 1 AA2500-AA2550? AA2505-AA2540 

^ 2 67o°"ff2 2 55s ? ff 2 §^-^ 2 "°; ssfssg 7 5 s 

^2780-AA2830; AA2785-AA2810- AA2796-AA28Rfi . 

AU850 uail?' ff?^-** 2850 Af2850-ff2900; 
AA2850-AA2865; AA2885-AA2905; AA2900-AA2950,' 



305; 
-AA395; 
-AA425; 
•AA460; 
■AA690; 
•AA605; 
AA665; 
•AA725; 
AA800; 
AA850; 
AA965; 
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AA2910-AA2930; AA2925-AA2950; AA2945-end(C 
terminal) . 

s The above HCV amino acid sequences can be prepared as 
discrete peptides or incorporated into a larger 
polypeptide, and may find use as described herein. Ad- 
ditional polypeptides comprising truncated HCV sequences 
are described in the examples. 
10 The observed relationship of the putative 

polyproteins of HCV and the Flaviviruses allows some 
prediction of the putative domains of the HCV "non- 
structural" (NS) proteins. The locations of the 
individual NS proteins in the putative Plavivirus pre- 
is cursor polyprotein are fairly well-known. Moreover, these 
also coincide with observed gross fluctuations in the 
hydrophobicity profile of the polyprotein. It is 
established that NS5 of Flaviviruses encodes the virion 
polymerase, and that NS1 corresponds with a complement 
20 fixation ant i«ren which has been shown to be an effective 
vaccine in animals. Recently, it has been shown that a 
flaviviral protease function resides in NS3. Due to the 
observed similarities betwen HCV and the Flaviviruses, 
described infra., deductions concerning the approximate 
2s locations of the corresponding protein domains and func- 
tions in the HCV polyprotein are possible. The expression 
of polypeptides containing these domains in a variety of 
recombinant host cells, including, for example, bacteria, 
yeast, insect, and vertebrate cells, should give rise to 
3Q important immunological reagents which can be used for 
diagnosis, detection, and vaccines. 

Although the non-structural protein regions of 
the putative polyproteins of the HCV isolate described 
herein and of Flaviviruses appear to have some similarity, 
3s there is less similarity between the putative structural 
regions which are towards the N-terminus. in this region, 
there is a greater divergence in sequence, and in addi- 
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region of ch. I\ " diVer9e " M " N-terminal 
region of the putative NS1 domain in HCV, and extends to 
the presumed ..-terminus. Nevertheless, It may stm be 
possible to predict the approximate locations of tne la 
trve nucleocepsid .N-terminal basio domain, and E "geneT 
aliy hydrophobic, domain, within the HCV polyprotein In 
the Examples the predictions are based on thf changes *" 
observed in the hydrophobic profile of the HCV 
polyprotein, and on a knowledge of the location and 

character of the flaviviral proteins f™, IT 

<«- ^ Proteins. From these predic- 

Of the T POSSlbl9 t0 lden " fy WH«l-.t. regions 

of the HCV polyprotein that could correspond with useful 
immunological reagents, ror example, the E and HS1 

protect! v. 0 ' "T 1 ™* 3 ^ t0 « 
are ^ / S ! *— re ° i0nS ' " -« « «■» which 

herein for° ln HCV lso1 ^ bribed 

herein for example those within putative NS3, C, and MM 

etc should aiso provide diagnostic reagents Moreover 

i e f ftr « , aquation of anti-viral enzyme inhibitors, 
;*: f I™* 1 *' -"ibitors which prevent enzyme activ- 
25 ity by virtue of an interaction with the enzyme itself or 
ubstances which may prevent expression of Z enzyme 
for example, anti-sense RNA, or other drugs which 
interfere with expression) . 

30 K p r ! t P o a D r ^ 10n ° f HYh ^ d >M *™« Tnwnunnrf nnn r iilMv 

The immunogenicity of the epitopes of HCV mav 
also be enhanced by preoarinrr TnOM , y 
systems fused - JoTTS^: fpS^T 

iy to tne P ar *icle- forming protein 
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coding sequences produce hybrids which are immunogenic 
with respect to the HCV epitope. I„ addition, all of the 
5 vectors prepared include epitopes specific to HBV, having 
various degrees of immunogenic! ty, such as, for example, 
the pre-S peptide. Thus, particles constructed from 
particle forming protein which include HCV sequences are 
immunogenic with respect to HCV and HBV. 

10 k * H ^ atitis 8u ^ce antigen ( HBSAg ) has been shown 
to be formed and assembled into particles in S. cerevisia. 
(Valenzuela et al. (1982)), as well as in, for example, 
mammalian cells (Valenzuela, P. , et al. (1984,). The 
formation of such particles has been shown to enhance the 
i5 xmmunogenxcity of the monomer subunlt. The constructs may 
also include the immunodominant epitope of HBSAg, compris- 
ing the 55 amino acids of the presurface (pre-S) region. 
Neurath et al. (1984). Constructs of the pre-S-HBSAg 
particle expressible in yeast are disclosed in EPO 
2Q 174,444, published March 19, 1986; hybrids including 
heterologous viral sequences for yeast expression are 
disclosed in EPO 175,261, published March 26, 1966. These 
constructs may also be expressed in mammalian cells such 
as Chinese hamster ovary (CHO) cells using an SV40- 
25 dihydrofolate reductase vector (Michelle et al. (1984,, 
in addition, portions of the particle- forming 
protein coding sequence may be replaced with codons encod- 
ing an HCV epitope. x„ this replacement, regions which 
are not required to mediate the aggregation of the units 
30 d!i ^ i 7 Un ° genic Petioles in yeast or mammals can be 
deleted, thus eliminating additional HBV antigenic sites 
from competition with the HCV epitope. 

Preparation of Vaccina 
35 Vaccines may be prepared from one or more im- 

munogenic polypeptides derived from HCV cDNA, including 
the cDNA sequences described in the Examples. The 
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5 e„eotive as v.™ TZlZ^'lT" *** «* "°" 
gence in which they are e'oaeo "h/!!*!" 3 , 01 the 

10 into the three virai etruc^rc" ^ \' r""" 9 " 

Polypeptides oontaini„ 9 epitope, of HCV E * J" e, * 1 »"* 
PC ypeptic.es .nay he expressed^ b *JZu, yeast or 

Polypeptides containing the epitopes of E C ' „ 

also be used, whether singiy or 11 Lll ' 

vaccines. Y in corobin ation, in HCV 

25 In Edition to the above h.„ w 

ionization with « (t^mJ^ U^T 

will also he proteotive^aL",^ [Tl^ ™ " S1 
l5 not case the pro.no £ ZZ^ZJ^Z * 

~ n9 ir^n-j-^sr 
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expressed from cloned HCV cONAs which span the various 
regions of the HCV ORF also allows nredL^ var ious 
5 their use in vaccines. Predictions concerning 

aaainst »rT ^7 °* multiva ^nt vaccines 

against HCV may be comprised of one or more epitopes fro m 

ZtllT? 8trUCtUral one or more 

epitopes from one or more nonstructural proteins Th*. 
tn vaccines may be comprised of ^ « . proteins • These 
10 polvpeotide* *nH/ f ' exam P^ recombinant HCV 
polypeptides and/or polypeptides isolated from the 

colt T; particu1 "' vaccines are contemplated 

The preparation of vaccines which contain an 
euspensions, eoiid , orms oultable ioAoiutlon in or 

ST £ li,uid prlor to inJ ""°» -«'bT 

prepared. The preparation nay alao be emul.ifi.,1 
protein encapsulated in liposomes TneTt ~ * 

„ ingredients are often „ij wi^exolp ent^™ 99 "" 

ouxtaaie excipients are, for o vam ni ^ 
saline, dextrose, glyceroi, ethanoi, or the u*e an d ' 
combinations thereof. In addition/it desired th= 

30 sth 6 C ° ntain mln ° r — »" °< -«i e n;.taLT" 
such as wetting or emulsifying agents, pH buf ferine 

ti TO Lii ut rr 1 i: ea T ts , whieh may * 

renrr;d n0 r Ura '" yl " t " alanyl - D - iS09lUta » 1 " B °» »° . 
referred to as nor-MDP) , N-acetylmuramyl-L-alanyl-D- 
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isoglutaminyl-L-alanine-2- ( 1 • - 2 ' -dioal ml , 
"Vdroxyphosphoryloxyj-ethyLine (Cgp ^^"T^ 3 " 
as M TP-P E)/ and RIBI, which contains t H to 
5 extracted from bacterid contai «3 three components 

delate an" waU ™° Sph °^ "P" trehalose 

s.uaiene/Tween SO LZ III n iTsf^T^ * ' " 
adjuvant may be determined by measu"^ IT" °' " 

y on nuv antigenic sequence reauH<«» * 
administration of tM« ««i resulting from 

15 parenteral^ £tl£tE "T"**- 11 ' «^"ered 
are suitable for other . .. * ddltional «°»"lations which 

5 f ~»tte.l grades of mannitol, 1 c e g ^ 
magnesium stearate, sodium saccharine n,, ' 
magnesium carbonate, and the like th C6llUl ° Se ' 

neutral or £0n "- lated «- -cine 

salts i„cle d e £ .^2^^^ 

amino groups of th. (formed with free 

inorganic acids ^ 't T* "* ^ Bith 
' Phosphoric acids, or ^n^^*^""* ~ 
°»Uc. tartaric, mal.lc, and' the ST 7^^^ 



WO 90/1 1089 _ 4fi 

PCT/US90/01348 

the free carboxyl groups may also be derived from in 
organic bases such as, for example, sodiul pot'si™ 
ammonium, calcium, or ferric hydroxides ad ' 

ethanol, htstidine, procaine, and the like. 
Dosage and ftdmlnl s tr a n m of Vncn , 

10 The are administered in a manner 

compatible with the dosage formulation, and in^uch . 
as will be prophylactically and/or therapeutLaUy JZ™ 
tive. The quentity to be administered, which" oe~ . 

active inoj-ert^* , ««sj.rea. Precise amounts of 

on th : r: of r r Pra ;:^„r ? tered may 

2Q each subject. Petitioner and may be peculiar to 

«nh * , VaCCinS w be «iven in a single dose 

example, at 1-4 months for a second dose \ 

zzttr if— 1 — ' - -r d ' ° 

30 nee r the indi^i^de^en: STST^ 
of the practitioner. judgment 

In addition, the vaccine containing the in, 
mune globulins. ^ 5 *' for exam Ple, im- 
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Preparation of antibodies tg i nst Hrv p r .>- r -- 

The immunogenic polypeptides prepared as 
described above are used to produce antLdies! both 
po yclona and monoclonai. „ polyelonal . 
desired, a selected mammal (..,., „,„„„„, rabb 
horse, etc., is immunised with en immunogenic Pol^lde 

aZa.V" ePit ° PB < S >- S °™ *™> the immunSd 
animal is collected and treated according to. known 

aT„cTe r o e I; " t0ntalnin ' P ° lyClonal ""bodies to 

chromatography, ^,.0^^* 

h " ternaM ™>ly, Polyclonal antibodies may be 
t th HCV T 8 T 1 BhlCh hM bSen PrOTio » 8 ^ in^ted 

to „cv ipiC:Zm 6 s of a r hod for puri,yins antib ° di - 

20 h „ - eplt °P es £rCT " serum from an infected individual 
po ype^e 3 "^ r^ 9 ^ - utilising elusion 
clonTs! ? ,. ' ^^Ptide encoded within cDNA 

Cione 5-1-1, i. presented in BPO Pub. No. 318, 2i6 

Monoclonal antibodies directed against HCV 

25 T "„ alS ° * readUy * ~ -WlS in 

the art. The general methodology for main™ ™ , 

a a n" b b oT s i h r rwomas 18 — r lonai 

antibody-producing cell line, can be created by cell f„ 
sion, and also by other technique, such as direct trans" 

30 traTar tV B 1 » h "* t ~ »"h oncogenic Dm, ol tMn8 - 
transition with Bpstei„- Ba rr virus. See, e g m 

4 399 ill a I,?? aiS2 ' °- S ' ment N0S - "'341,761; 
4 49l' 6 L '! I' 4 ' 444 ' 88 " ^4«,9 1 7; 4,472,500; 

35 4,491,632; and 4,493,890. Panels of monoclonal antibodi,- 

pCr: rrr H f 0 v r op9s oa - te ~~^£r 

oerties, i.e., for isotype, epitope affinity, etc. 
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Antibodies, both monoclonal and polyclonal 
utfuVin 6 d d ia r : Ct 1 a?ainSt SPitOPeS - £Z larly 
useful in passive immunotherapy. Monoclonal ann^J 
in particular, may be used to raise anti ^ ! ' 
ies. anti-idiotype antibod- 

which carrTln"«i i r yPe i antib0dieS ^^lobulins 
10 Tni ^ "internal image- of the antigen of the 

infectious agent against which protection is desired 

et e ^ f0 ™ P16 ' NiS ° n0£f ' *" 6t <»"> - otesman 

are known iT^Trl -"bodies 

15 MacNamara et al ^4, and ZZT^ (1985 >' 
These anti i«< I Uytdehaag et al. (1985). 

These anti-idiotype antibodies may also be useful for 
treatment and/or diagnosis of NANBH, as well a * 
elucidation of the isogenic regies oI h^V Ltlge". 

20 skill in th W °: ld w alSO be agnized by one of ordinary 
directed aoli" * ° f tyP6S ° £ antibodies 

herein th , ePit ° PeS may 136 P™*^ As used 

herein, the term "antibody- refers to a polypeptide or 
group of polypeptides which are comprised of It f ! 
antibody combining site. An -antTboH I * ^ 

25 "binding domain" is fa^ T antib ° dy fining site" or 
y aomain is formed from the folding of variahi* 
domains of an antibody mo fo^J! 

dimensional binding spacas with an mt ernal 3!^ „ 
and ch. rge distribution ^X^ ntary Z t L7^ ' T 

- £ODM d Ir o m a hea^nd/ora uT^r :^n S ^ 3 
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antibodies, the pab proteinSi Md sin9ie ^ 

5 w W ch i= JLiSZfJZ ™T lbody " (dflb) 18 an ant «~* 

munologicauy vHh ° h . in ' WhiCh reacts *»~ 

-tain u^tritt^h * ~ "* 

—in. * n0 wn to exist ln tllZTs^lZu 
kappa and lambda domains M«*-h«^ V example, the 
10 known in the art. Se^ for ! ? ** dABs are 

* ... ' r exam Ple, Ward et al. mqqqi 

15 their preparation are ^TS^ir"' 0 * *" 
Patent No. 4,816 467 «m„k . ( ' e ' 9 *' U ' s - 

reference,, and £ ^ZZ^T * 
•vertebrate antibodies- reL J *" " MM, P le - 
tetramers or agoreeatl " *° a " tib °<"« -hioh are 

antibody are horcolojous with ci ch,T f * Partleul « 
25 body produced by the l^S^^J^T* ° na a »»- 
■»dy in situ, or in vitro <f£ ex^L ? J" an "" 
vertebrate antibodies typioaillv IS h " hybridoiM ' > • 

30 P-Pareti . these entire T^T^ 
Pair of heaTL" one 
first antibody, while the other pair of T" 8 *° th ° Se in 8 
chains is ho„olo S ous to thosHn a di« ^ "* U ° ht 

« body. Typically, each of 7* <,1£fe ™>'t «=ond anti- 

" -rent ^^'^^^fSSt'^t" - 

«sults in the property of ^J^J?^g> 
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to bind two antigens simultaneously. Such hybrids may 
also be formed using chimeric chains, as set forth below 
5 th« ho " Ch ^ eric antibodies", are antibodies in which 
the heavy and/or light chains are fusion proteins 
Typically the constant domain of the chains is from one 
particular species and/or class, and the variable domains 
are from a different species and/or class. Also included 
iQ is any antibody in which either or both of the heavy or 
light chains are composed of combinations of sequences 
mimicking the sequences in antibodies of different 
sources, whether these sources be differing cla or 

ui^TT ! P6 ! ieS ° f ° rlgin ' WhSther or not ^sion 
15 11 v ^^le/constant boundary. Thus, it is 

possible to produce antibodies in which neither the 
constant nor the variable region mimic known antibody 
sequences, it then becomes possible, for example, to 
construct antibodies whose variable region has a hiaher 

—1 '"r^ ^ 9 PartiCUlar - ^ 

constant region can elicit enhanced complement fixation, 

or to make other improvements in properties possessed by a 
particular oonatant region. 

Another example is "altered antibodies", which 
refers to antibodies in which the naturally occurring 

vtL°d ici U t" qu r ce ln a vettebrate antib ^ - 

can o!' 7 , I* reCOmblnMt ™* techniques, antibodies 
can be redesigned to obtain desired charscteristics . The 
possible variations are „a„y, and range fro, the changing 

30 region f "*™ ^ ^ *° « « 

region, for example, the constant region, changes in the 

constant region, in general, to attain desired ceUuUr 

process characteristics, e.g., changes in co.ple.ent 

fixation, interaction with membranes, and other effector 

35 functions, changes in the variable region may be Zl to 

aleTn T Wnain9 The antibodHay 

also be engineered to aid the specific delivery of a 
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molecule or substance to a specific cell 

The desired alterant. f"» cl "= cell or tissue site. 

, molecular bi'logTe 7 reooli"",^ ^ ^""^ ln 
5 directed mutagens e^ ' 

which sr. Ill an ° ther eitamPle Sre -""^lent antibodies- 

10 — -* -am. xhi.^-:;'a tTboT^r o£ a 

antigenic modulation. See, e.g.. Glennie et al ^saj, 

ies are d9 " ni "°" <* « ^- 

=s are Fab fragments of antibodies. The -p.k- 

refer, to those portion, of the heav" and It J' 9 " 
15 ""= h « ~y talent, or aneTogot 

sequences which comprise the branch portion of tne „ 
and light chains, and which have been snown to Z^T* 

(refe^o't^.T™"' * ^ 

Fab , -chimeric Fab", and "altered Fab- » e ^ 
synthesis b y recombina" ^ 

30 

E- ^tlc aUaonu clsotide Erobea „„,,„„ . 
cdkas as a Cis :iiaome° Se V 0r " 0nS ° £ "^ated „cv 
or more can F^ZTZZZZZFJl ™ le0t "°* 

characterisation ^41^.™^^ 
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detection of the virue,es) In diseased individual* Th„ 
probes for HCV polynucleotide, .natural or oerivedj are a 
5 len9th » hich the detection of unique viraf 

sequences by hybridization. While 6-8 nucleotides may be 
a workable length, sequences of 10-12 nucleotides are 

Prefer.^' \"k 20 ™ ele0t "« optimal. 

Preferably, these sequences will derive from reqions which 
lack heterogeneity. These probes can be prepared "sine 
routine methods, including automated oligonucleotide 

thosfdf Tr" 5 ' fim ° n9 USefUl Pr0beS ' f ° r — H«. sre 
those derrved from the newly isolated clones disclosed 

cD» n'h" 7 M Varl °" S oli 9°">«s "seful i„ pr0 bin, 
con librarr t £orth below . A conplement » Mn « 

unique portion of the HCV genome win be satisfactory^ 
For use as probes, complete complementarity is desirable 

20 For use «>£ such probes as diagnostics, the bio- 

coJ ? ! \ desired, to extract the nucleic acids 
contained therein. The resulting nucleic acid from the 
sample may be subjected to gel electrophoresis or other 

„ size separation technics, aUernatively, the nuclei 
acid sample may be dot blotted without sL separation 
The probes are then labeled. Suitable label" * i 
for labeling probes are known in ^.r^ J ~ 
example, radioactive labels incorporated by nick tr«=lf 

3Q tion or kinasing, biotin, fluorescent probes ^ and 

chemiluminescent probes. The nucleic acids extract t 
the ssmple ere then treated with the lafaelL T ™" 
hybridisation conditions of suU^ .^1^ IT 
polynucleotide duplexes containing the probe are deceted. 

35 to the Hc/genoT^T nerefoTus::^ " 
conditions are desirable in ordeT"^/.^ 
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positives. However, conditions of hiah 

only be used if the Droh== 9 stringency should 

the virei genome wnicTlacx ~ ""^-"^ * "gions of 
5 o, hybridization u det^nee 

i~9 hybridisation »d ^ ' ^ °' ''"^ **" 
including temperature. Cc strenoth ? ^T"""' 
concentration of ^mide" J e * ct ^"a e "J^' ~ 
10 in, for example, Maniatis, T. (1982, °«lined 

aeguences wtl7b^esent7 XPeCteCl "» HCV 

at relatively l™ J^T 1 ""^ °' 

chimp infectLr d o.r ^ r^^^r 

„ reguire that amplification technics L used In "" Y 
20 poiy dT tailed probe is hybridized to the taroet 

oligonucleotide. EPA 2045in ,.. ia oeied 

assay i„ whlcn analyte 0^ i, !!" * °* "^"'"ion 

"« a tail, such as a po^-dJ !!n * ^ that 

4-k=.4. u poiy-aT tail, an amplif ier cf ra ^ 

Mndi^g a Piu:aut;^~; r :i whi r ls capabie ° f 

desirable technique may first in^T ? P""" 1 "!* 
target HCV sequences In serl - ""PUtication of the 

15 ^-.toapp^im:::^ ! 1 ^™ 

complished, for example, by ^1/^^ * ~ 
(«*> technique described which L J ~ "i 
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by mills. U.S. Patent No. 4,683,195, and by mllla , t ^ 

then TTl 4 ' 6e3 ' 202 - Tha i «r«y 

then be detected using « hybridization aasay which in 

EP 317 '° 77 ' PUbUShed Th«e 
^elTXT «;, WhlCh Sh ° UW d9 " Ct « «e 

to sL,l. : r " UCleie aCid Wich bind 

to single-stranded analyte nucleic acid, and which also 

10 bind to a nmltiplicity of single-stranded labeled 

oligonucleotides. A suitable solution phase sandwich as- 
say which .ay be used with labeled polynucleotide probes 

aJTST f °:, th : Prepa ""° n «* ~ O-rToed 
m BPO 225,807, published June 16, 1987. 

The probes can be packaged into diagnostic kits 
Diagnostic kits include the probe DNA, which Ly L S ' 
labeled; alternatively, the probe DNA may be unlabeled and 
the ingredients for labeling .ay be included in the^t "n 

LT: a c e k COn r lnerS - ^ kit My al8 ° other suit" 

2Q ably packaged reagents and materials needed for the 

as well as instructions for conducting the test. 
Immunoassay and Diag nostic Kit* 

25 i nn - .. B ° th the pol yP e P tid ^ which react iromuno- 
logically with serum containing HCV antibodies, for 

Sdtr de r cted by the anti?enic ™^ -«»d 

described infra, in the Examples, as well those derived 

iz^iizt r hin the isoiated ci ° nes 

30 raLfw ! ' ^ COmposites ^eof, and the antibodies 
raised against the HCV specific epitopes in these 
polypeptides, are useful in immunoassays to detect or es 
ence of „cv antibodies, or the presence of the vir us and/ 
or viral antigens, i„ biological samples. Design of the 

» tit 36 '? 0 8 ^ ° f - 

a variety of these are known in the art. For exanmio ^ 

^unoassay n ay utilize one viral epitope; lllZllZlT 
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the immunoassay may „se a combination of viral epitopas 

TrTlT theS6 S ° UrCM; thMe -V be delved 

from the same or from different viral polypeptides and 
may be in separate recombinant or natural^ol" B PtWes 

:tt in th ? eme *° Widest; 01 

use, for example, a monoclonal antibody directed towards a 
viral epitope,,,, a combination of monoclonal antibodies 

10 antl^i ePitOP6S ° £ °" e «"■-. -nocMnai 

anti«n. ?T ° f di " e — t 

"ral a^ioe y al , antlb0dleS QlreCted th. same 

viral antigen, or polyclonal antibodies directed towards 

examoT ' " nt ^ aa - Pr ° t0C ° l8 " a * * b «««. *~ 

15 tvT UP ° n COmpatitit ">' « ^rect reaction, or sandwich 
type assays. Protocols may also, for example, use soUd 
supports or may be by immunoprecipitation ^ost assays 

lsb: rmaTbe U8e f 01 « ****** "e 

r^i! T! ' eXa,,,ple ' "descent, chemiluminescent 
20 ^r "' ° r ^ molec » 1 «- *»«ys which amplify the 
signals from the probe are also known, examples of which 
are assays which utilise biotin and avidin \„ rf 
labeled and mediated immunoassays". 

polyprotein°h!v! f h the anU « enlC °* «>« Putative 

poiyprotein have been mapped and identified by screenino 

clr„hrH 1Cltly ° £ ba ° terlal «™<» P~ducts " hcv 
*xZl BnCOde P ° rti0nS ° f tha protein, see the 

Examples, other antigenic regions of HCV may be detected 
by expressing the portions of the HCV cdnas in other 

30 IZl T 8y8tem8 ' inClttdin » yaaat sterns and ovular 
systems derived from insects and vertebrates. In addi! 
tion, studies giving rise to an antigenicity index and 

infoT:f Clty/hydr ° PhiliClty Pr0£ " a « 
35 ant™y C ° nCernin9 ^ ° £ a »^»- 

of hcv c D «r e K tUd i eS °" anti 9 enlc "sPPi-o "y expression 
cf HCV cDHAs showed that a number of clones containing 
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these cDNAs expressed polypeptides which were im- 
munologically reactive with serum from individuals with 
s NANBH. No single polypeptide was immunologically reactive 
with all sera. Five of these polypeptides were very im- 
munogenic in that antibodies to the HCV epitopes in these 
polypeptides were detected in many different patient sera 
although the overlap in detection was not complete. Thus,' 

iq the results on the immunogenicity of the polypeptides 
encoded in the various clones suggest that ef fecient 
detection systems may include the use of panels of 
epitopes. The epitopes in the panel may be constructed 
into one or multiple polypeptides. 

15 Klts su itable for immunodiagnosis and contain- 

ing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the 
polypeptides of the invention containing HCV epitopes or 
antibodies directed against HCV epitopes in suitable 

2q containers, along with the remaining reagents and materi- 
als required for the conduct of the assay, as well as a 
suitable set of assay instructions. 

Further Characterization of the hpv Genome , yirj m 

25 Vlral Antigens Using Probes Derived f™, . p na tQ ttMt v<T , a l 
Genome " 

The HCV cDNA sequence information in the newly 
isolated clones described in the Examples may be used to 
gain further information on the sequence of the HCV 

3o genome, and for identification and isolation of the HCV 
agent, and thus will aid in its characterization including 
the nature of the genome, the structure of the viral 
particle, and the nature of the antigens of which it is 
composed. This information, in turn, can lead to ad- 

35 ditional polynucleotide probes, polypeptides derived from 
the HCV genome, and antibodies directed against HCV 
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epitopes which would be useful for th« ^ 
treatment of HCV caused nJbh! gn ° SlS 

5 m e nr, rt _i *?• CDNA se< 3 uenc e information in the above- 
mentioned clones is useful for- t-v,« ^ . ve 

derived from as yet undefined regions of the hpv 

"r a ::v DBAs in ci ° ne * ~ • ~- 

" ™ , 1VSd - P8r ex<B "P le - l"»led probes 

contains, a eeguence o£ approxi.u.tely 8 or Zl rLleo 

Mrived from regions oloae to the 5 '-termini or 3 --termini 
°f the composite HCV cDNA sequence shown in Flo 1 , teOTi " 1 
„ used to iaoiate overla PP i„ 9 cDNA segueTes from" HCV 

Ubrarlea. Alternatively, characterization o t tnToenoL 
segments could be from t-hm , genomic 

Purified HCV particlea ^etnol 7""™ <r °" 
paiticxes. Methods for purifvino nrv 

particlea and for detecting them during tne pLm„„ 

that deaorlr ; E T."T™ is 
-ts could then be cloned ' and ' aequenced^^An ST 
„ this technique, which utilizes ZlT^ToTZ " 
seguences to be cloned, is provided i„f™ ! 
clone 16 jh. Provided infra ., and yielded 

l™. , ""hode for constructing cDHA libraries are 
known t„ the art, and are discuaaed aupra „/ 
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Screening fr, r , vlra , 

. The "^>Uity of ceil culture and anircal 

ZltZT , a9 r" " hlCh inhiMt HCV «P"catlo„, and 

ceM !1 Y " thOSS " hich Preferentially ailow 

cell growth and -amplication while inhibiting viral 

Of "IT, T- *~ SCreenln9 »» ^cwn oy thoae 

cf skill i„ the art. Generally, the anti-viral agent, are 
tested at a variety of concentrations, for their lT," t 

inftUi TZ "P^ation, and then for an inhibition of 

toxica l " ° f I'" 1 Path °^ ic ^y (and a low level of 
is toxicity) in an animal model system. 

The methods and compositions provided herein for 
detecting HCV antigens and HCV polynucleotides are useful 
for screening of anti-viral agents in th**- <-h 
alternative, and perhaps ^reT^vTta ^0 

20 plague assay ^ OT ViMl «>an the ceU 

piaque assay or ID 50 assay. For example, the HCV- 

to identify and guantitate HCV antigen(s, in the «U 
culture utilizing the immunoassays described herein In 
3Q addition, since it may be desirable to guantitate HCV 

T s TV n T lnfected cel1 cultu ~ b * * ™ ± 5L 

d!!r Ik i V ° lypeptides enco ** within the HCV cDNAs 
described herein are useful *n «.k m 

Generallv * w! 36 com P Qt ition assays. 

°* this labeled polypeptide to an HCV polypeptide due to 
the antigen produced in the cell culture »X wouW L 
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ZfTln' T' th6Se t6Chnl ^ 8 «• Particularly 
useful in cases where the HCV may be able to replicate in 
5 a cell line without causing cell death. 

anti - viral a 9 ent * which may be tested for 
efficacy by these methods are known in the art, and 
include, for example, those which interact with virion 
components and/or cellular components which are necessarv 
10 ~ -/« replication of the virus. ^ 

anti-vira agents may include, for example, inhibits o 
virion polymerase and/br protease(s) necessary for cleav- 
age of the precursor polypeptides. Other anti-viral 
agents may include those which act with nucleic acids to 
Prevent viral replication, for example, anti-sense 
polynucleotides, etc. 

Antisense polynucleotides molecules are 
comprised of a complementary nucleotide sequence which 
allows them to hybridise specifically to desi 9 „ated 

20 include f 9en0meS ,° r RN&9 - *»«=e„se polynucleotides may 
include, for example, molecules that will block protein 
tr.nslat.on by binding to mm*, or may be molecules w„Lh 
prevent replication of viral rha by transcriptase. They 
™y also include molecules which carry agents ,non- * 

25 ^1 ^tfbTf d I', C ° V<,lenWy b ° Un< " *** «— the 
III™ CWVa by CaUSin9 ' for e *"»Pls. Mis- 

sions in the viral KHA. Th ey may also bind to cell ul ar 

polynucleotides which enhance and/or are required for 

In" e„ nfeC T" y ' MP """- or chronic 

30 m T." 0 " hiCh aM " h ^ bridi - to HCV derived 

«HAs may be designed based upon the sequence information 
of the HCV cDHAs provided herein. The antiviral agents 
based upon anti-sense polynucleotides for HCV may be 

~ " ith specificity, to be of increased 

)5 solubility, to be stable, and to have low toxicity. 

exZ,' ^ *" delivered in spscialized systems, for 
example, liposomes, or by gene therapy. In addition, they 
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TJZ 1 ?*™ 1 *"- at " Ch9d Pr0tel " S < '""stituted or 
altered bonding between baees, etc. 

5 „, , ° ther t5TeS °' dru9s T te based upon 

10 « 

General Methods 

The general techniques used in extract™ +u 

forming cells D prfnr™< , sectors, trans- 

15 radio,! Performing immunological assays such as 

~ s are availab r: x t\: : ::: h „ a ";r ratory 

Hoover, as a general guide, the following se's Lth ' 

thf^! ; sequences which are compatible with 

25 col, , 9nated h ° St Me " Sed - too "9 Prokaryotlc ho«s s 
£2ii is most frequently used. Expression control ' ~ 

sequences for prokaryotes Include promoters, optionally 
Transfer" 9 T"'" P ° rti0nS ' — rib — Ending s tes 

35 contLT y Selection - Co -="ly used prokaryotlc 

(Penicillinase, and lactose promoter system, (C han, et a! 
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«i"Il9Bun" t ^° Phan « tr «" ^moter system (Goeddel et 
al. (1980)) and the lambda-derived p r,rr^.» 

5 — -it. W al P Sin a"nd J"" 

hybrid tac promoter (De ^ 6t al . „ 8 ^ £ 

sequences of the tr£ and lac DV5 promoters ThTT , 
systems are particular!, compatible Cith"! col . ' 
desired, other profcaryotic hosts such as straps',* Bacil 

" Xir^' * — ' ™ oorresponding^ntrol 

cella in J**"* 0 " 0 hosts ^ Y*ast and kalian 
cells in culture systems. Saccharomvo.. cerevisiae ,„„ 

Saccharomy r». carleberoensis »~ ,v ' lela " and 

veaat h a .L . „ XBOer 1 e '""" are the most commonly used 

15 cZllT, ^ Wm,9UMt «»»»»i hosts, yeast 

compatible vectors carry markers which permit selection of 

z~:": atoxmanta by conf9 " in * p-oi:: r on f 

type strains y reSiBta " Ce *° ""als on wild- 

type strains, yeast compatible vectors may employ the 2 
micron origin of replication (Broach et .1 ( 1983 w !„f 
combination of CBH3 and ARS1 or other ».„ < I583 >>< the 
reDliran™ u otner means for assurina 

replication, such as sequences which will result in ,„ 
corporation of an appropriate fragment into the host cell 
genome. Control sequences for yeast vectors are v . 

" Z"IT include <« the ZZIV^T' in 

(im f i„rr S <HeSS " < 1968 » Holland et .1. 

included, ^•Zi'^rrSTLT 8 1 1SO ^ 
30 (Hoiiand (mi,,. ParticuUrS ^ control" T 
those which comprise the glyceraidehyu." ^ phH. 

35 yeast alpha factor. In addition TJXZSZZZT 

iztnZ h re9ion and the ^-«iptio»:r „i L 

region „ h i ch are operably Unted may ^ such ^ » 
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not naturally associated in the W 4ih * ~ 
systems are described in ^1 S1^S.^T i 
5 October 3. 1984! EP0 U6 , 201> "^"' 2 r 

snd BPO 164,556, published December 16, "**' „ 

sre essiqned to the herein sssi g „ee, and ""'hereby in 
oorporated herein by reference. Y 
Mammalian ceii U „ e s available as hosts for 

number of other cell lines Suit-hi- 
15 — "lis are also JZn ^r^"^^^ 

—Horsair^: ssr s= r ^ r - 

r^re™ ^ ' - ^ 

require terminator sequences and poly A addition 

» r" 6 ? 0 "' enhanCer ' eqU9nCes " hic » '""ease egression 
tto„ a of°the e lnClUded ' ^ caused ilL,. 

. \ ^ £ al »° f These sequences 

■fallen ^IT^JTllr^U^ " 
„ which insure integration of repllCOns ' or sequences 

25 codi„ 9 HW)BV jrrtThrc' se, ~ - 

for e rample pacKaqinq the polynucleotide In I 
30 u t ": 3C ' UC f 9 ' h °" ™ 11 1th the virus, and by direct 
uptake of the polynucleotide. The transformation 
procedure used depends upon the host to be transformed 
For example, transformation of the E com l™™*"™**- 
lambda-qtu containinq BB-NANBV sequences i n^ CSUS 
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transformation by direct uptake may be carried out using 
the method of Hinnen et al. (1978). Mammalian transforma- 
tions by direct uptake may be conducted using the calcium 
Phosphate precipitation method of Graham and Van der Eb 
(1978), or the various known modifications thereof. 

Vector construction employs techniques which are 
known in the art. Site-specific DNA cleavage is performed 
by treating with suitable restriction enzymes under condi- 
tions which generally are specified by the manufacturer of 
these commercially available enzymes, m general, about 1 
microgram of plasmid or DNA sequence is cleaved by 1 u „ it 
of enzyme in about 20 microliters buffer solution by 
is incubation of 1-2 hr at 37° C. After incubation with the 
restriction enzyme, protein is removed by phenol/ 
chloroform extraction and the DNA recovered by precipita- 
tion with ethanol. The cleaved fragments may be separated 
using polyacrylamide or agarose gel electrophoresis 

20 M 6 !l! n i qUeSf aCC ° rding to the general procedures found in 
Methods in Enzymology (1980) 65 » 499-560. 

Sticky ended cleavage fragments may be blunt 
ended using E. coli DNA polymerase 1 (Klenow, in the pres- 
ence of the appropriate deoxynucleotide triphosphates 

25 ( dNTPs ) present in the mixture. Treatment with SI 

nuclease may also be used, resulting in the hydrolysis of 
any single stranded DNA portions. 

Ligations are carried out using standard buffer 
and temperature conditions using T4 DNA ligase and ATP- 

3q sticky end ligations require less ATP and less ligase than 
blunt end ligations, when vector fragments are used as 
part of a ligation mixture, the vector fragment is often 
treated with bacterial alkaline phosphatase (BAP) or calf 
intestinal alkaline phosphatase to remove the 5'-phosphate 

3s and thus prevent religation of the vector; alternatively, 
restriction enzyme digestion of unwanted fragments can be 
used to prevent ligation. 
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clo ntn h L * 9ation -natures are transformed into suitable 
cloning hosts, such as E. coli, and successful 
transformants selected by, for example, antibiotic resist- 
ance, and screened for the correct construction. 

Synthetic oligonucleotides may be prepared usino 
an automated oligonucleotide synthesizer as LcrlbedT 
Warner (1984, if desired the synthetic strands may be 
10 lTltl by treatment with polynucleotide kinase 

tirjzr of p - atp ' using — ° for 

c n Na ii k T 8equences ' Eluding those isolated from 
CDNA libraries, may be modified by known techniques, 
15 " nclu ^ n 9' for ex ^Pl« site directed mutagenesis, as 
described by Zoller (1982). Briefly, the DNA to be 
modxfied is packaged into phage as a single stranded 
oo?ZT' and . C ° nVerted to * double stranded DNA with DMA 
polymerase usxng, as a primer, a synthetic oligonucleotide 
2Q complementary to the portion of the DNA to be modified 
and having the desired modification included in its own 
sequence. The resulting double stranded DNA is 
transformed into a phage supporting host bacterium. 
Cultures of the transformed bacteria, which contain 
25 replications of each strand of the phage, are plated in 
agar to obtain plaques. Theoretically, 50% of the new 
Plaques contain phage having the mutated sequence and the 
remaining 50* have the original sequence. 2^^* 
the plaques are hybridized to labeled synthetic probe at 

30 wItr, r H tUreS C ° nditions which P—±t hybridization 
with the correct strand, but not with the unmodified 
sequence. The sequences which have been identified by 
hybridization are recovered and cloned. 

of Grun S t. DNA rariSS be P robe * »*™9 the procedure 
3s of Grunste in and Hogness (1975). Briefly, in this 

ceLlos r e e 'fnt e T * iS on nitro- 

cellulose filters, denatured, and prehybridized with a 



WO 90/1 1089 



-65- 



PCT/US90/01348 



buffer containing 0-50% formamide, 0.75 M Had, 75 inM Na 
citrate, 0.02% (wt/v) each of bovine serum albumin, poly- 
vinyl pyrollidone, and Ficoll, 50 mM Na Phosphate (pH 
5 6.5), 0.1% SDS, and 100 micrograms /ml carrier denatured 
DNA. The percentage of formamide in the buffer, as well 
as the time and temperature conditions of the 
prehybridization and subsequent hybridization steps 
depends on the stringency required. Oligomeric probes 
10 which require lower stringency conditions are generally 
used with low percentages of formamide, lower 
temperatures, and longer hybridization times. Probes 
containing more than 30 or 40 nucleotides such as those 
derived from cDNA or genomic sequences generally employ 
15 higher temperatures, e.g., about 40-42°C, and a high 
percentage, e.g., 50% formamide. Following 
prehybridization, 5 '- 32 P-labeled oligonucleotide probe is 
added to the buffer, and the filters are incubated in this 
mixture under hybridization conditions. After washing, 
20 the treated filters are subjected to autoradiography to 
show the location of the hybridized probe; DNA in cor- 
responding locations on the original agar plates is used 
as the source of the desired DNA. 

For routine vector constructions, ligation 
mixtures are transformed into E. coli strain HB101 or 
other suitable host, and successful transformants selected 
by antibiotic resistance or other markers. Piasmids from 
the transformants are then prepared according to the 
method of Clewell et al. (1969), usually following 
chloramphenicol amplification (Clewell (1972)). The DNA 
is isolated and analyzed, usually by restriction enzyme 
analysis and/or sequencing. Sequencing may be by the 
dideoxy method of Sanger et al. (1977) as further 
described by Messing et al. (1981), or by the method of 
35 Maxam et al. (1980). Problems with band compression, 
which are sometimes observed in GC rich regions, were 



WO 90/11089 



-66- 



PCT/US90/01348 



10 



15 



overcome by use of T-deazoguanosine according to Barr et 
al. (1986) . 

The enzyme-linked immunosorbent assay ( ELISA) 
can be used to measure either antigen or antibody 
concentrations. This method depends upon conjugation of 
an enzyme to either an antigen or an antibody, and uses 
the bound enzyme activity as a quantitative label. To 
measure antibody, the known antigen is fixed to a solid 
phase (e.g., a micropiate or plastic cup), incubated with 
test serum dilutions, washed, incubated with anti- 
immunoglobulin labeled with an enzyme, and washed again. 
Enzymes suitable for labeling are known in the art, and 
include, for example, horseradish peroxidase. Enzyme 
activity bound to the solid phase is measured by adding 
the specific substrate, and determining product formation 
or substrate utilization colorimetrically. The enzyme 
activity bound is a direct function of the amount of anti- 
body bound. 

To measure antigen, a known specific antibody is 
fixed to the solid phase, the test material containing 
antigen is added, after an incubation the solid phase is 
washed, and a second enzyme-labeled antibody is added. 
2s After washing, substrate is added, and enzyme activity is 
estimated colorimetrically, and related to antigen 
concentration. 

Examples 

30 Described below are examples of the present 

invention which are provided only for illustrative 
purposes, and not to limit the scope of the present inven- 
tion, in light of the present disclosure, numerous 
embodiments within the scope of the claims will be appar- 
. ent to those of ordinary skill in the art. 
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Isolation and Sequence of Overlapping 
HCV CDNA Clones 131. 261, CA59a. CA84a, CA156e and CA167b 

The clones 13i, 26 j, CA59a, CA84a, CA156e and 
CA167b were isolated from the lambda-gtll library which 
contains HCV cDNA (ATCC No. 40394), the preparation of 
which is described in EPO Pub. No. 318,216 (published 31 
May 1989), and WO 89/04669 (published 1 June 1989). 
Screening of the library was with the probes described 
infra., using the method described in Huynh (1985). The 
frequencies with which positive clones appeared with the 
respective probes was about 1 in 50,000. 

The isolation of clone 13i was accomplished 
using a synthetic probe derived from the sequence of clone 
12 f. The sequence of the probe was: 

5 ' GAA CGT TGC GAT CTG GAA GAC AGG GAC AGG 3 ' . 

The isolation of clone 26j was accomplished 
using a probe derived from the 5 '-region of clone K9-1. 
The sequence of the probe wast 

5 ' TAT CAG TTA TGC CAA CGG AAG CGG CCC CGA 3 ' . 



The isolation procedures for clone 12 f and for 
clone k9-l (also called K9-1) are described in EPO Pub. 
No. 318,216, and their sequences are shown in Figs. 1 and 
2, respectively. The HCV cDNA sequences of clones 131 and 
26 j, are shown in Figs. 4 and 5, respectively. Also shown 
are the amino acids encoded therein, as well as the 
overlap of clone 13i with clone 12f , and the overlap of 
clone 26 j with clone 13i. The sequences for these clones 
confirmed the sequence of clone K9-1. Clone K9-1 had been 
isolated from a different HCV cDNA library (See EP 
0,218,316). 
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Clone CA59a was isolated utilizing a probe based 
upon the sequence of the 5 '-region of clone 26 j. The 
sequence of this probe was: 

5 ' CTG GTT AGC AGG GCT TTT CTA TCA CCA CAA 3 ' . 

A probe derived from the sequence of clone CA59a 
was used to isolate clone CA84a. The sequence of the 
probe used for this isolation was: 

5 ' AAG GTC CTG GTA GTG CTG CTG CTA TTT GCC 3 ' . 

Clone CA156e was isolated using a probe derived 
from the sequence of clone CA84a. The sequence of the 
probe was i 

5' ACT GGA CGA CGC AAG GTT GCA ATT GCT CTA 3'. 

Clone CA167b was isolated using a probe derived 
from the sequence of clone CA 156e. The sequence of the 
probe was: 

5 ' TTC GAC GTC ACA TCG ATC TGC TTG TCG GGA 3 ' . 

The nucleotide sequences of the HCV cDNAs in 
clones CA59a, CA84a, CA156e, and CA167b, are shown Figs. 
6, 7, 8, and 9, respectively. The amino acids encoded 
therein, as well as the overlap with the sequences of 
relevant clones, are also shown in the Figs. 

Creation of "pi" HCV cDNA Library 
A library of HCV cDNA, the "pi" library, was 
constructed from the same batch of infectious chimpanzee 
plasma used to construct the lambda-gtll HCV cDNA library 
(ATCC No. 40394) described in EPO Pub. No. 318,216, and 
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utilizing essentially the same techniques. However, 
construction of the pi library utilized a primer-extension 
method, in which the primer for reverse transcriptase was 
based on the sequence of clone CA59A. The sequence of the 
primer wast 
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5 ' GGT GAC GTG GGT TTC 3 ' . 

Isolation an d Sequence of Clone oil4a 
Screening of the "pi" HCV cDNA library described 
supra., with the probe used to isolate clone CA167b (See 
supra.) yielded clone pi 14 a. The clone contains about 800 
base pairs of cDNA which overlaps clones CA167b, CA156e, 
CA84a and CA59a, which were isolated from the lambda gt-11 
HCV cDNA library (ATCC No. 40394). In addition, pil4a also 
contains about 250. base pairs of DNA which are upstream of 
the HCV cDNA in clone CA167b. 

Isolation and Sequence of Cl ones CA216a, CA290a and a^ n* 

Based on the sequence of clone CA167b a 
synthetic probe was made having the following sequence: 

25 5 ' GGC TTT ACC ACG TCA CCA ATG ATT GCC CTA 3 ' 

The above probe was used to screen the , which yielded 
clone CA216a, whose HCV sequences are shown in Fig. 10. 

Another probe was made based on the sequence of 
clone CA216a having the following sequence: 
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30 



5' TTT GGG TAA GGT CAT CGA TAC CCT TAC GTG 3 



Screening the lambda-gtll library (ATCC No. 40394) with 
3s this probe yielded clone CA290a, the HCV sequences therein 
being shown in Fig. 11. 
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In a parallel approach, a primer-extension cDNA 
library was made using nucleic acid extracted from the 
same infectious plasma used in the original lambda-gtll 
cDNA library described above. The primer used was based 
on the sequence of clones CA216a and CA290a: 

5' GAA GCC GCA CGT AAG 3' 

The cDNA library was made using methods similar to those 
described previously for libraries used in the isolation 
of clones pi 14a and k9-l. The probe used to screen this 
library was based on the sequence of clone CA290ax 

5' CCG GCG TAG GTC GCG CAA TTT GGG TAA 3' 

Clone ag30a was isolated from the new library with the 
above probe , and contained about 670 basepairs of HCV 
sequence. See Fig. 12. Part of this sequence overlaps 
the HCV sequence of clones CA216a and CA290a. About 300 
base-pairs of the ag30a sequence , however , is upstream of 
the sequence from clone CA290a. The non-overlapping 
sequence shows a start codon (*) and stop codons that may 
indicate the start of the HCV ORF. Also indicated in Fig. 
12 are putative small encoded peptides (#) which may play 
a role in regulating translation, as well as the putative 
first amino acid of the putative polypeptide ( / ) , and 
downstream amino acids encoded therein. 

Isolation and Sequence of Clone CA205a 
Clone CA205a was isolated from the original 
lambda gt-11 library (ATCC No. 40394), using a synthetic 
probe derived from the HCV sequence in clone CA290a (Fig, 
11) • The sequence of the probe was: 



5 ' TCA GAT CGT TGG TGG AGT TTA CTT GTT GCC 3 ' . 
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The sequence of the HCV cDNA in CA205a, shown in Fig. 13, 
overlaps with the cDNA sequences in both clones ag30a and 
CA290a. The overlap of the sequence with that of CA290a 
is shown by the dotted line above the sequence (the figure 
also shows the putative amino acids encoded in this frag- 
ment ) . 

As observed from the HCV cDNA sequences in 
clones CA205a and ag30a, the putative HCV polyprotein ap- 
pears to begin at the ATG start codon; the HCV sequences 
in both clones contain an in-frame, contiguous double stop 
codon (TGATAG) forty two nucleotides upstream from this 
ATG. The HCV ORF appears to begin after these stop 
codons, and to extend for at least 8907 nucleotides (See 
the composite HCV cDNA shown in Fig. 17). 

Isolation and Sequence of Clone 18q 
Based on the sequence of clone ag30a (See Fig. 
12) and of an overlapping clone from the original lambda 
gt-11 library (ATCC No. 40394), CA230a, a synthetic probe 
was made having the following sequence: 

5' CCA TAG TGG TCT GCG GAA CCG GTG AGT ACA 3' . 



Screening of the original lambda-gtll HCV cDNA library 
with the probe yielded clone 18g, the HCV cDNA sequence of 
which is shown in Fig. 14. Also shown in the figure are 
the overlap with clone ag30a, and putative polypeptides 
encoded within the HCV cDNA. 

The cDNA in clone 18g (C18g or 18g) overlaps 
that in clones ag30a and CA205a, described supra. The 
sequence of C18g also contains the double stop codon 
region observed in clone ag30a. The polynucleotide region 
35 upstream of these stop codons presumably represents part 
of the 5 '-region of the HCV genome, which may contain 
short ORFs, and which can be confirmed by direct sequenc- 
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ing of the purified HCV genome. These putative small 
encoded peptides may play a regulatory role in transla- 
tion. The region of the HCV genome upstream of that 
represented by C18g can be isolated for sequence analysis 
using essentially the technique described in EPO Pub. No, 
318,216 for isolating cDNA sequences upstream of the HCV 
cDNA sequence in clone 12f. Essentially, small synthetic 
oligonucleotide primers of reverse transcriptase, which 
are based upon the sequence of C18g, are synthesized and 
used to bind to the corresponding sequence in HCV genomic 
RNA. The primer sequences are proximal to the known 5'- 
terminal of C18g, but sufficiently downstream to allow the 
design of probe sequences upstream of the primer 
sequences. Known standard methods of priming and cloning 
ar eused. The resulting cDNA libraries are screened with 
sequences upstream of the priming sites (as deduced from 
the elucidated sequence of C18g) . The HCV genomic RNA is 
obtained from either plasma or liver samples from 
individuals with NANBH. Since HCV appears to be a Flavi- 
like virus, the 5 '-terminus of the genome may be modified 
with a "cap" structure. It is known that Flavivirus 
genomes contain 5 '-terminal "cap" structures. (Yellow 
Fever virus, Rice et al. (1988); Dengue virus, Hahn et al 
(1988); Japanese Encephalitis Virus (1987)). 

Isolation and Sequence of Clones from 
the beta-HCV cDNA library 
Clones containing cDNA representative of the 3'- 
terminal region of the HCV genome were isolated from a 
cDNA library constructed from the original infectious 
chimpanzee plasma pool which was used for the creation of 
the HCV cDNA lambda-gtll library (ATCC No. 40394), 
described in EPO Pub. No. 318,216. In order to create the 
DNA library, RNA extracted from the plasma was "tailed" 
with poly rA using poly (rA) polymerase, and cDNA was 
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synthesized using oligo(dT) 12 _ lg as a primer for reverse 
transcriptase. The resulting RNA:cDNA hybrid was digested 
with RNAase H, and converted to double stranded HCV cDNA. 
The resulting HCV cDNA was cloned into lambda-gtlO, using 
essentially the technique described in Huynh (1985), 
yielding the beta (or b) HCV cDNA library. The procedures 
used were as follows. 

An aliquot (12ml) of the plasma was treated with 
proteinase K, and extracted with an equal volume of phenol 
saturated with 0.05M Tris-Cl, pH 7.5, 0.05% (v/v) beta- 
mercaptoethanol , 0.1% (w/v) hydroxyquinolone, 1 mM EDTA. 
The resulting aqueous phase was re-extracted with the 
phenol mixture, followed by 3 extractions with a lsl 
mixture containing phenol and chloroform tisoamyl alcohol 
(24tl), followed by 2 extractions with a mixture of 
chloroform and isoamyl alcohol (1:1). Subsequent to 
adjustment of the aqueous phase to 200 mM with respect to 
20 NaC1, nucleic acids in the aqueous phase were precipitated 
overnight at -20°C, with 2.5 volumes of cold absolute 
ethanol. The precipitates were collected by centrifuga- 
tion at 10,000 RPM for 40 min., washed with 70% ethanol 
containing 20 mM NaCl, and with 100% cold ethanol, dried 
for 5 min. in a dessicator, and dissolved in water. 

The isolated nucleic acids from the infectious 
chimpanzee plasma pool were tailed with poly rA utilizing 
poly-A polymerase in the presence of human placenta 
ribonuclease inhibitor (HPRI) (purchased from Amersham 
Corp.), utilizing MS 2 RNA as carrier. Isolated nucleic 
acids equivalent to that in 2 ml of plasma were incubated 
in a solution containing TMN (50 mM Tris HC1, pH 7.9, 10 
mM MgCl 2 , 250 mM NaCl, 2.5 mM MnCl 2 , 2 mM dithiothreitol 
( DTT ) ) , 40 micromolar alpha-[ 32 P] ATP, 20 units HPRI 
(Amersham Corp.), and about 9 to 10 units of RNase free 
poly-A polymerase (BRL) . Incubation was for 10 min. at 
37 C, and the reactions were stopped with EDTA (final 
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concentration about 250 mM) . The solution was extracted 
with an equal volume of phenol-chloroform, and with an 
equal volume of chloroform, and nucleic acids were 
precipitated overnight at -20°C with 2.5 volumes of 
ethanol in the presence of 200 mM NaCl. 

Isolation of Clone b5a 
The beta HCV cDNA library was screened by 
hybridization using a synthetic probe, which had a 
sequence based upon the HCV cDNA sequence in clone 15e. 
The isolation of clone 15e is described in EPO Pub. No. 
318,216, and its sequence is shown in Pig. 3. The 
sequence of the synthetic probe was: 

5 ' ATT GCG AGA TCT ACG GGG CCT GCT ACT CCA 3 ' . 

Screening of the library yielded clone beta-5a (b5a), 
which contains an HCV cDNA region of approximately 1000 
base pairs. The 5 '-region of this cDNA overlaps clones 
35f, 19g, 26g, and 15e (these clones are described supra). 
The region between the 3 '-terminal poly-A sequence and the 
3 '-sequence which overlaps clone 15e, contains ap- 
proximately 200 base pairs. This clone allows the 
identification of a region of the 3 '-terminal sequence the 
HCV genome. 

The sequence of b5a is contained within the 
sequence of the HCV cDNA in clone 16Jh (described infra). 
Moreover, the sequence is also present in CC34a, isolated 
from the original lambda-gtll library (ATCC No. 40394). 
(The original lambda-gtll library is referred to herein as 
the "C" library) . 
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Isolation and Seau ence of Clones Generated bv PCR 
Amplification of t he 3 '-Region of the HCV Genome 

Multiple cDNA clones have been generated which 
contain nucleotide sequences derived from the 3 '-region of 
the HCV genome. This was accomplished by amplifying a 
targeted region of the genome by a polymerase chain re- 
action technique described in Saiki et al. (1986), and in 
Saiki et al. (1988), which was modified as described 
below. The HCV RNA which was amplified was obtained from 
the original infectious chimpanzee plasma pool which was 
used for the creation of the HCV cDNA lambda-gtll library 
(ATCC No. 40394) described in EPO Pub. No. 318,216. 
is isolation of the HCV RNA was as described supra. The 

isolated RNA was tailed at the 3 '-end with ATP by E. coli 
poly-A polymerase as described in Sippel (1973), except 
that the nucleic acids isolated from chimp serum were 
substituted for the nucleic acid substrate. The tailed 
RNA was then reverse transcribed into cDNA by reverse 
transcriptase, using an oligo dT-primer adapter, es- 
sentially as described by Han (1987), except that the 
components and sequence of the primer-adapter were: 

Stuff er NotI SP6 Promoter Primer 

AATTC GCGGCCGC CATACGATTTAGGTGACACTATAGAA T 

The resultant cDNA was subjected to amplification by PCR 
using two primers: 

Primer Sequence 
JH32 (30mer) ATAGCGGCCGCCCTCGATTGCGAGATCTAC 
JH11 (20mer) AATTCGGGCGGCCGCCATACGA 

35 The JH32 primer contained 20 nucleotide sequences 

hybridizable to the 5 '-end of the target region in the 
cDNA, with an estimated T m of 66°C. The JH11 was derived 
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from a portion of the oligo dT-primer adapter; thus, it is 
specific to the 3 '-end of the cDNA with a of 64°C. 
Both primers were designed to have a recognition site for 
the restriction enzyme. Not I, at the 5 '-end, for use in 
subsequent cloning of the amplified HCV cDNA. 

The PCR reaction was carried out by suspending 
the cDNA and the primers in 100 microliters of reaction 
mixture containing the four deoxynucleoside triphosphates, 
buffer salts and metal ions, and a thermostable DNA 
polymerase isolated from Thermus aquaticus (Taq 
polymerase), which are in a Perkin Elmer Cetus PCR kit 
(N801-0043 or N801-0055). The PCR reaction was performed 
for 35 cycles in a Perkin Elmer Cetus DNA thermal cycler. 
Each cycle consisted of a 1.5 min denaturation step at 
94°C, an annealing step at 60°C for 2 min, and a primer 
extension step at 72°C for 3 min. The PCR products were 
subjected to Southern blot analysis using a 30 nucleotide 
probe, JH34, the sequence of which was based upon that of 
the 3 '-terminal region of clone 15e. The sequence of JH34 
is I 

5 ' CTT GAT CTA CCT CCA ATC ATT CAA AGA CTC 3 ' . 

The PCR products detected by the HCV cDNA probe ranged in 
size from about 50 to about 400 base pairs. 

In order to clone the amplified HCV cDNA, the 
PCR products were cleaved with NotI and size selected by 
polyacrylamide gel electrophoresis. DNA larger than 300 
base pairs was cloned into the NotI site of pUC18S The 
vector pUC18S is constructed by including a NotI 
polylinker cloned between the EcoRI and Sail sites of 
pUC18. The clones were screened for HCV cDNA using the 
JH34 probe. A number of positive clones were obtained and 
sequenced. The nucleotide sequence of the HCV cDNA insert 
in one of these clones, 16 jh, and the amino acids encoded 
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therein, are shown in Fig. 15. A nucleotide heterogene- 
ity, detected in the sequence of the HCV cDNA in clone 
16 jh as compared to another clone of this region, is 
indicated in the figure. 
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Compiled HCV cDNA Sequences • 
An HCV cDNA sequence has been compiled from a 
series of overlapping clones derived from the various HCV 
cDNA libraries described supra.. In this sequence, the 
compiled HCV cDNA sequence obtained from clones bll4a, 
18g, ag30a, CA205a, CA290a, CA216a, pil4a, CA167b, CA156e, 
CA84a, and CA59a is upstream of the compiled HCV cDNA 
sequence published in EPO Pub. No. 318,216, which is shown 
in Fig. 16. The compiled HCV cDNA sequence obtained from 
clones b5a and 16 jh downstream of the compiled HCV cDNA 
sequence published in EPO Pub. No. 318,216. 

Fig. 17 shows the compiled HCV cDNA sequence 
derived from the above-described clones and the compiled 
HCV cDNA sequence published in EPO Pub. No. 318,216. The 
clones from which the sequence was derived are bll4a, 18g, 
ag30a, CA205a, CA290a, CA216a, pil4a, CA167b, CA156e! 
CA84a, CA59a, K9-1 (also called k9-l),26j, 13i, 12f, 141, 
lib, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b] 25c[ 
14c, 8f, 33f, 33g, 39c, 35f, 19g, 26g, 15e, b5a, and 16jh. 
In the figure the three dashes above the sequence indicate 
the position of the putative initiator methionine codon. 

Clone bll4a was obtained using the cloning 
procedure described for clone b5a, supra., except that the 
probe was the synthetic probe used to detect clone 18g, 
supra. Clone bll4a overlaps with clones 18g, ag30a, and 
CA205a, except that clone bll4a contains an extra two 
nucleotides upstream of the sequence in clone 18g (i.e., 
35 5'-CA). These extra two nucleotides have been included in 
the HCV genomic sequence shown in Fig. 17. 
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It should be noted that although several of the 
clones described supra, have been obtained from libraries 
other than the original HCV cDNA lambda-gtll C library 
(ATCC No. 40394), these clones contain HCV cDNA sequences 
which overlap HCV cDNA sequences in the original library. 
Thus, essentially all of the HCV sequence is derivable 
from the original lambda-gtll C library (ATCC No. 40394) 
which was used to isolate the first HCV cDNA clone (5-1- 
1). The isolation of clone 5-1-1 is described in EPO Pub. 
No. 318,216. 



Purification of Fusion Polypeptide C100-3 
(Alternate method) 

The fusion polypeptide, C100-3 (also called HCV 
clOO-3 and alternatively, cl00-3), is comprised of 
superoxide dismutase (SOD) at the N-terminus an in-frame 
C100 HCV polypeptide at the C-terminus. A method for 
preparing the polypeptide by expression in yeast, and dif- 
ferential extraction of the insoluble fraction of the 
extracted host yeast cells, is described in EPO Pub. No. 
318,216. An alternative method for the preparation of 
this fusion polypeptide is described below, in this 
method the antigen is precipitated from the crude cell 
lysate with acetone; the acetone precipitated antigen is 
then subjected to ion-exchange chromatography, and further 
purified by gel filtration. 

The fusion polypeptide, C100-3 (HCV cl00-3), is 
expressed in yeast strain JSC 308 (ATCC No. 20879) 
transformed with pAB24C100-3 (ATCC No. 67976); the 
transformed yeast are grown under conditions which allow 
expression (i.e., by growth in YEP containing 1% glucose). 
(See EPO Pub. No. 318,216). A cell lysate is prepared by 
suspending the cells in Buffer A (20 mM Tris HC1, pH 8.0, 
1 mM EDTA, 1 mM PMSF. The cells are broken by grinding 
with glass beads in a Dynomill type homogenizer or its 
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equivalent. The extent of cell breakage is monitored by 
counting cells under a microscope with phase optics. 
Broken cells appear dark, while viable cells are light- 
colored. The percentage of broken cells is determined. 

When the percentage of broken cells is ap- 
proximately 90% or greater, the broken cell debris is 
separated from the glass beads by centrifugation, and the 
glass beads are washed with Buffer A. After combining the 
washes and homogenate , the insoluble material in the 
lysate is obtained by centrifugation. The material in the 
pellet is washed to remove soluble proteins by suspension 
in Buffer B (50 mM glycine, pH 12.0, 1 mM DTT, 500 mM 
NaCl), followed by Buffer C (50 mM glycine, pH 10.0, 1 mM 
DTT) . The insoluble material is recovered by centrifuga- 
tion, and solubilized by suspension in Buffer C containing 
SDS. The extract solution may be heated in the presence 
of beta-mercaptoethanol and concentrated by 
ultrafiltration. The HCV clOO-3 in the extract is 
precipitated with cold acetone. If desired, the 
precipitate may be stored at temperatures at about or 
below -15°C. 

Prior to ion exchange chromatography, the 
acetone precipitated material is recovered by centrifuga- 
tion, and may be dried under nitrogen. The precipitate is 
suspended in Buffer D (50 mM glycine, pH 10.0, 1 mM DTT, 7 
M urea), and centrifuged to pellet insoluble material. 
The supernatant material is applied to an anion exchange 
column previously equilibrated with Buffer D. Fractions 
are collected and analyzed by ultraviolet absorbance or 
gel electrophoresis on SDS polyacryl amide gels. Those 
fractions containing the HCV cl00-3 polypeptide are 
pooled. 

35 In order to purify the HCV clOO-3 polypeptide by 

gel filtration, the pooled fractions from the ion-exchange 
column are heated in the presence of beta-mercaptoethanol 
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and SDS, and the eluate is concentrated by 
ultrafiltration. The concentrate is applied to a gel 
filtration column previously equilibrated with Buffer E 
(20 mM Tris HC1, pH 7.0, 1 mM DTT, 0.1% SDS). The pres- 
ence of HCV clOO-3 in the eluted fractions, as well as the 
presence of impurities, are determined by gel 
electrophoresis on polyacrylamide gels in the presence of 
SDS and visualization of the polypeptides. Those frac- 
tions containing purified HCV clOO-3 are pooled. Frac- 
tions high in HCV cl00-3 may be further purified by 
repeating the gel filtration process. If the removal of 
particulate material is desired, the HCV clOO-3 containing 
material may be filtered through a 0.22 micron filter. 

Expression and Antigenicity of Polypeptides 
Encoded in HCV cDNA 

Polypeptides Expressed in E. coli 
The polypeptides encoded in a number of HCV 
cDNAs which span the HCV genomic ORF were expressed in E. 
coli, and tested for their antigenicity using serum 
obtained from a variety of individuals with NANBH. 
The expression vectors containing the cloned HCV cDNAs 
were constructed from pSODcfl (Steimer et al. (1986). In 
order to be certain that a correct reading frame would be 
achieved, three separate expression vectors, pcflAB, 
pcflCD, and pcflEF were created by ligating either of 
three linkers, AB, CD, and EF to a BamHI-EcoRl fragment 
derived by digesting to completion the vector pSODcfl with 
EcoRI and BamHI, followed by treatment with alkaline 
phosphatase. The linkers were created from six oligomers, 
A, B, C, D f E, and F. Each oligomer was phosphorylated by 
treatment with kinase in the presence of ATP prior to an- 
nealing to its complementary oligomer. The sequences of 
the synthetic linkers were the following. 
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Name DNA Sequence (5* to 3M 

A GATC CTG AAT TCC TGA TAA 

B GAC TTA AGG ACT ATT TTA A 

C GATC CGA ATT CTG TGA TAA 

D GCT TAA GAC ACT ATT TTA A 

E GATC CTG GAA TTC TGA TAA 

F GAC CTT AAG ACT ATT TTA A 

Each of the three linkers destroys the original EcoRI 
site, and creates a new EcoRI site within the linker, but 
within a different reading frame. Hence, the HCV cDNA 
EcoRI fragments isolated from the clones when inserted 
into the expression vector, were in three different read- 
ing frames. 

The HCV cDNA fragments in the designated lambda- 
gtll clones were excised by digestion with EcoRI; each 
fragment was inserted into pcflAB, pcflCD, and pcflEF. 
These expression constructs were then transformed into 
D1210 E. coli cells, the trans formants were cloned, and 
recombinant bacteria from each clone were induced to 
express the fusion polypeptides by growing the bacteria in 
the presence of IPTG. 

Expression products of the indicated HCV cDNAs 
were tested for antigenicity by direct immunological 
screening of the colonies, using a modification of the 
method described in Helfman et al. (1983). Briefly, as 
shown in Fig. 18, the bacteria were plated onto nitro- 
cellulose filters overlaid on ampicillin plates to give 
approximately 1,000 colonies per filter. Colonies were 
replica plated onto nitrocellulose filters, and the 
replicas were regrown overnight in the presence of 2 mM 
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IPTG and ampicillin. The bacterial colonies were lysed by 
suspending the nitrocellulose filters for about 15 to 20 
min in an atmosphere saturated with CHC1 3 vapor. Each 
filter then was placed in an individual 100 mm Petri dish 
containing 10 ml of 50 mM Tris HC1, pH 7.5, 150 mM NaCl, 5 
mM MgCl 2 / 3% (w/v) BSA, 40 micrograms /ml lysozyme, and 0.1 
microgram/ml DNase. The plates were agitated gently for 
at least 8 hours at room temperature. The filters were 
rinsed in TBST (50 mM Tris HC1, pH8.0 f 150 mM NaCl, 0.005% 
Tween 20). After incubation, the cell residues were 
rinsed and incubated in TBS (TBST without Tween) contain- 
ing 10% sheep serum; incubation was for 1 hour. The 
filters were then incubated with pretreated sera in TBS 
from individuals with NANBH, which included s 3 
chimpanzees; 8 patients with chronic NANBH whose sera were 
positive with respect to antibodies to HCV C100-3 
polypeptide (described in EPO Pub. No. 318,216, and 
supra.) (also called C100); 8 patients with chronic NANBH 
whose sera were negative for anti-ClOO antibodies; a 
convalescent patient whose serum was negative for anti- 
C100 antibodies; and 6 patients with community acquired 
NANBH, including one whose sera was strongly positive with 
respect to anti-ClOO antibodies, and one whose sera was 
marginally positive with respect to anti-ClOO antibodies. 
The sera, diluted in TBS, was pretreated by preabsorption 
with hSOD. Incubation of the filters with the sera was 
for at least two hours. After incubation, the filters 
were washed two times for 30 min with TBST. Labeling of 
expressed proteins to which antibodies in the sera bound 
was accomplished by incubation for 2 hours with 125 1- 
labeled sheep anti-human antibody. After washing, the 
filters were washed twice for 30 min with TBST, dried, and 
autoradiographed . 

A number of clones (see infra.) expressed 
polypeptides containing HCV epitopes which were im- 
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munologically reactive with serum from individuals with 
NANBH. Five of these polypeptides were very immunogenic 
in that antibodies to HCV epitopes in these polypeptides 
were detected in many different patient sera. The clones 
encoding these polypeptides, and the location of the 
polypeptide in the putative HCV polyprotein (wherein the 
amino acid numbers begin with the putative initiator 
codon) are the following: clone 5-1-1, amino acids 1694- 
1735; clone C100, amino acids 1569-1931; clone 33c, amino 
acids 1192-1457; clone CA279a, amino acids 1-84; and clone 
CA290a amino acids 9-177. The location of the immunogenic 
polypeptides within the putative HCV polyprotein are shown 
immediately below. 
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Clones encoding pol ypeptides of proven reactivity 
with sera from NANBH patients. ~~~*' 



10 



15 



20 



25 



Clone 



CA279a 
CA74a 
131 
CA290a 
33c 
40b 
5-1-1 
81 
33b 
25c 
14c 
8f 
33f 
33g 
39c 
15e 
C100 



Location within the HCV polypr-n^ „ 
(ammo acxa no. beginning with puta- 
tive initiator methionine) 



1 

437 
511 
9 

1192 
1266 
1694. 
1689 
1916- 
1949- 
2054- 
2200- 
2287- 
2348- 
2371- 
2796- 
1569- 



-84 
-582 
-690 
-177 
■1457 
•1428 
■1735 
•1805 
2021 
2124 
2223 
3325 
2385 
2464 
2502 
2886 
1931 



The results on the immunogenic ity of the 
30 polypeptides encoded in the various clones examined sug- 
gest efficient detection and immunization systems may 
include panels of HCV polypeptides /epitopes . 

Expression of hpv Epitopes in YMBf 
35 Three different yeast expression vectors which 

allow the insertion of HCV cDNA into three different read- 
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ing frames are constructed. The construction of one of 
the vectors, pAB24C100-3 is described in EPO Pub. No. 
318,216. In the studies below, the HCV cDNA from the 
clones listed in supra, in the antigenicity mapping study 
using the E± coll expressed products are substituted for 
the C100 HCV cDNA. The construction of the other vectors 
replaces the adaptor described in the above coll stud- 
ies with one of the following adaptors: 



Adaptor 1 



ATT TT6 AAT TCC TAA TGA 6 

AC TTA AGG ATT ACT CAG CT 

Adaptor 2 

AAT TTG GAA TTC TAA TGA G 

AC CTT AAG ATT ACT CAG CT. 

The inserted HCV cDNA is expressed in yeast transformed 
with the vectors, using the expression conditions 
described supra, for the expression of the fusion 
polypeptide, C100-3. The resulting polypeptides are 
screened using the sera from individuals with NANBH, 
described supra, for the screening of immunogenic 
polypeptides encoded in HCV cDNAs expressed in coli. 

Comparison of the Hydrophobic Profiles of HCV 
Polyprote ins with West Nile Virus Polyprotein 
and with Dengue Virus NS1 
The hydrophobicity profile of an HCV polyprotein 
segment was compared with that of a typical Flavivirus, 
West Nile virus. The polypeptide sequence of the West 
Nile virus polyprotein was deduced from the known 
polynucleotide sequences encoding the non-structural 
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proteins of that virus. The HCV polyprotein sequence was 
deduced from the sequence of overlapping cDNA clones. The 
profiles were determined using an antigen program which 
uses a window of 7 amino acid width (the amino acid in 
question, and 3 residues on each side) to report the aver- 
age hydrophobicity about a given amino acid residue. The 
parameters giving the reactive hydrophobicity for each 
amino acid residue are from Kyte and Doolittle (1982). 
Fig. 19 shows the hydrophobic profiles of the two 
polyproteins ; the areas corresponding to the non- 
structural proteins of West Nile virus, nsl through ns5, 
are indicated in the figure. As seen in the figure, there 
is a general similarity in the profiles of the HCV 
polyprotein and the West Nile virus polyprotein. 

The sequence of the amino acids encoded in the 
5 '-region of HCV cDNA shown in Fig. 16 has been compared 
with the corresponding region of one of the strains of 
Dengue virus, described supra., with respect to the 
profile of regions of hydrophobicity and hydrophilicity 
(data not shown). This comparison indicated that the 
polypeptides from HCV and Dengue encoded in this region, 
which corresponds to the region encoding NS1 (or a portion 
thereof), have a similar hydrophobic/hydrophilic profile. 

The similarity in hydrophobicity profiles, in 
combination with the previously identified homologies in 
the amino acid sequences of HCV and Dengue Flavivirus in 
EP 0,218,316 suggests that HCV is related to these members 
of the Flavivirus family. 

Characterizatio n of the Putative Polypeptides Encoded 
Within the HCV ORF 

The sequence of the HCV cDNA sense strand, shown 
in Fig. 17, was deduced from the overlapping HCV cDNAs in 
the various clones described in EPO Pub. No. 318,216 and 
those described supra, it may be deduced from the 
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sequence that the HCV genome contains primarily one long 
continuous ORF, which encodes a polyprotein. in the 
sequence, nucleotide number 1 corresponds to the first 
nucleotide of the initiator MET codon; minus numbers 
indicate that the nucleotides are that distance away in 
the 5 '-direction (upstream), while positive numbers 
indicate that the nucleotides are that distance away in 
the 3'-direction (downstream). The composite sequence 
shows the "sense" strand of the HCV cDNA. 

The amino acid sequence of the putative HCV 
polyprotein deduced from the HCV cDNA sense strand 
sequence is also shown in Fig. 17, where position 1 begins 
with the putative initiator methionine. 

Possible protein domains of the encoded HCV 
polyprotein, as well as the approximate boundaries, are 
the following (the polypeptides identified within the 
parentheses are those which are encoded in the Flavivirus 
domain) : 

Putative Domain Approximate Boundary 

( amino acid nos . \ 

"C" (nucleocapsid protein) 1-120 

"E" (Virion envelope protein(s) 120-400 
and possibly matrix (M) 
proteins 

"NS1" (complement fixation 400-660 
antigen? ) 

"NS2" (unknown function) 660-1050 

"NS3" (protease?) 1050-1640 
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"NS4" (unknown function) 1640-2000 
"NS5" (polymerase) 2000-? end 



It should be noted, however, that hydrophobic ity profiles 
(described infra), indicate that HCV diverges from the 
Plavivirus model, particularly with respect to the region 
upstream of NS2. Moreover, the boundaries indicated are 
10 not intended to show firm demarcations between the puta- 
tive polypeptides. 
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The Hvdrophillc and Anti genic Profile of the Polypeptide 
Profiles of the hydrophilicity/hydrophobicity 
20 and the antigenic index of the putative polyprotein 
encoded in the HCV cDNA sequence shown in Fig. 16 were 
determined by computer analysis. The program for 
hydrophilicity/hydrophobicity was as described supra. The 
antigenic index results from a computer program which 
25 relies on the following criteria: 1) surface probability, 

2) prediction of alpha-helicity by two different methods; 

3) prediction of beta-sheet regions by two different 
methods; 4) prediction of U-turns by two different 
methods; 5) hydrophilicity/hydrophobicity; and flex- 

30 ibility." The traces of the profiles generated by the 
computer analyses are shown in Fig. 20. In the 
hydrophilicity profile, deflection above the abscissa 
indicates hydrophilicity, and below the abscissa indicates 
hydrophobicity. The probability that a polypeptide region 

35 is antigenic is usually considered to increase when there 
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is a deflection upward from the abscissa in the 
hydrophilic and/or antigenic profile. It should be noted, 
however , that these profiles are not necessarily indica- 
tors of the strength of the immunogenic ity of a 
polypeptide . 

Identification of Co-linear Peptides in HCV and 
Flaviviruses 

The amino acid sequence of the putative 
polyprotein encoded in the HCV cDNA sense strand was 
compared with the known amino acid sequences of several 
members of Flaviviruses. The comparison shows that homol- 
ogy is slight , but due to the regions in which it is 
found, it is probably significant. The conserved co- 
linear regions are shown in Fig, 21. The amino acid 
numbers listed below the sequences represent the number in 
the putative HCV polyprotein (See Fig. 17.) 

The spacing of these conserved motifs is similar 
between the Flaviviruses and HCV, and implies that there 
is some similarity between HCV and these f laviviral 
agents . 



The following listed materials are on deposit 
under the terms of the Budapest Treaty with the American 
Type Culture Collection (ATCC), 12301 Parklawn Dr., 
Rockville, Maryland 20852, and have been assigned the fol- 
lowing Accession Numbers. 
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ATCC No • 


Deposit Date 




40394 


l 


Dec . 


1987 




40388 


17 


Nov. 


1987 




40389 


17 


Nov. 


1987 


clone 1—9 


Anion 
40 JUO 


17 


Nov, 


1987 


clone 1— 1 


a n i o i 

40 J? X 


18 


Nov. 


1987 


clone 12f 




10 


Nov. 


1988 


clone 35f 


40511 


10 


Nov. 


1988 


clone 15e 


40513 


10 


Nov. 


1988 


clone K9-1 


40512 


10 


Nov. 


1988 


JSC 308 


20879 


5 


May 


1988 


pS356 


67683 


29 


April 


. 1988 



In addition, the following deposits were made on 11 May 
1989. 
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Strain 




Linkers 


ATCC NO. 


D1210 


(Cfl/5-1-1) 


EF 


67967 


D1210 


(Cfl/81) 


EF 


67968 


D1210 


(Cfl/CA74a) 


EF 


67969 


D1210 


(C£l/35f ) 


AB 


67970 


D1210 


(Cfl/279a) 


EF 


67971 


D1210 


(C£l/C36) 


CD 


67972 


D1210 


(Cfl/13i) 


AB 


67973 


D1210 


(C£l/C33b) 


EF 


67974 


D1210 


(C£l/CA290a) 


AB 


67975 


HB101 


(AB24/C100 #3R) 




67976 



The following derivatives of strain D1210 were deposited 
on 3 May 1989. 
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Strain Derivative ATCC No. 

pCFlCS/C8f 67956 

pCFlAB/C12f 67952 

pCFlEF/14c 67949 

pCFlEF/15e 67954 

PCF1AB/C25C 67958 

pCFlEF/C33c 67953 

pCFlEF/C33f 67050 

pCFlCD/33g 67951 

PCF1CD/C39C 67955 

pCFlEF/C40b 67957 

pCFlEF/CA167b 67959 

The following strains were deposited on May 12, 1989. 

Strain ATCC No. 

Lambda gtll(C35) 40603 

Lambda gtl0(beta-5a) 40602 

D1210 (C40b) 67980 

D1210 (M16) 67981 

Upon allowance and issuance of this application as a 
United States Patent, all restriction on availability of 
these deposits will be irrevocably removed; and access to 
the designated deposits will be available during pendency 
of the above-named application to one determined by the 
Commissioner to be entitled thereto under 37 CFR 1.14 and 
35 USC 1.22. Moreover, the designated deposits will be 
maintained for a period of thirty (30) years from the date 
of deposit, or for five (5) years after the last request 
for the deposit; or for the enforceable life of the U.S. 
patent, whichever is longer. The deposited materials 
mentioned herein are intended for convenience only, and 
are not required to practice the present invention in view 
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of the descriptions herein, and in addition these materi- 
als are incorporated herein by reference • 

Industrial Applicability 
The invention, in the various manifestations 
disclosed herein, has many industrial uses, some of which 
are the following . The HCV cDNAs may be used for the 
design of probes for the detection of HCV nucleic acids in 
samples. The probes derived from the cDNAs may be used to 
detect HCV nucleic acids in, for example, chemical 
synthetic reactions. They may also be used in screening 
programs for anti-viral agents, to determine the effect of 
the agents in inhibiting viral replication in cell culture 
systems, and animal model systems. The HCV polynucleotide 
probes are also useful in detecting viral nucleic acids in 
humans, and thus, may serve as a basis for diagnosis of 
HCV infections in humans. 

In addition to the above, the cDNAs provided 
herein provide information and a means for synthesizing 
polypeptides containing epitopes of HCV. These 
polypeptides are useful in detecting antibodies to HCV 
antigens. A series of immunoassays for HCV infection, 
based on recombinant polypeptides containing HCV epitopes 
are described herein, and will, find commercial use in 
diagnosing HCV induced NANBH, in screening blood bank 
donors for HCV-caused infectious hepatitis, and also for 
detecting contaminated blood from infectious blood donors. 
The viral antigens will also have utility in monitoring 
the efficacy of anti-viral agents in animal model systems . 
In addition, the polypeptides derived from the HCV cDNAs 
disclosed herein will have utility as vaccines for treat- 
ment of HCV infections. 

The polypeptides derived from the HCV cDNAs, 
besides the above stated uses, are also useful for raising 
anti-HCV antibodies. Thus, they may be used in anti-HCV 
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vaccines. However, the antibodies produced as a result of 
immunization with the HCV polypeptides are also useful in 
detecting the presence of viral antigens in samples. Thus, 
they may be used to assay the production of HCV 
polypeptides in chemical systems. The anti-HCV antibodies 
may also be used to monitor the efficacy of anti-viral 
agents in screening programs where these agents are tested 
in tissue culture systems. They may also be used for pas- 
sive immunotherapy, and to diagnose HCV caused NANBH by 
allowing the detection of viral antigen(s) in both blood 
donors and recipients . Another important use for anti-HCV 
antibodies is in affinity chromatography for the purifica- 
tion of virus and viral polypeptides. The purified virus 
and viral polypeptide preparations may be used in vac- 
cines. However, the purified virus may also be useful for 
the development of cell culture systems in which HCV 
replicates. 

Antisense polynucleotides may be used as 
inhibitors of viral replication. 

For convenience, the anti-HCV antibodies and HCV 
polypeptides, whether natural or recombinant, may be pack- 
aged into kits. 
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CLAIMS 

1. A recombinant polynucleotide comprising a 
sequence derived from HCV cDNA, wherein the HCV cDNA is in 
clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh, or wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig, 17. 



2. A recombinant polynucleotide according to 
claim 1, encoding an epitope of HCV. 

3. A recombinant vector comprising the 
polynucleotide of claim 1 or claim 2. 

4. A host cell transformed with the vector of 

claim 3. 

5. A recombinant expression system comprising 
an open reading frame (ORF) of DNA derived from the re- 
combinant polynucleotide of claim 1 or claim 2, wherein 
the ORF is operably linked to a control sequence compat- 
ible with a desired host, 

6. A cell transformed with the recombinant 
expression system of claim 5. 

7. A polypeptide produced by the cell of claim 

6. 



8. A purified polypeptide comprising an epitope 
encoded within HCV cDNA wherein the HCV cDNA is of a 
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sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17. 

9 . An immunogenic polypeptide produced by a 
cell transformed with a recombinant expression vector 
comprising an ORF of DNA derived from HCV cDNA, wherein 
the HCV cDNA is comprised of a sequence derived from the 

iQ HCV cDNA sequence in clone CA279a, or clone CA74a, or 

clone 13i, or clone CA290a, or clone 33C or clone 40b, or 
clone 33b, or clone 25c, or clone 14c, or clone 8f, or 
clone 33f, or clone 33g, or clone 39c, or clone 15e, and 
wherein the ORF is operably linked to a control sequence 
compatible with a desired host. 

10. A peptide comprising an HCV epitope, 
wherein the peptide is of the formula 

20 *V*V 

wherein x and y designate amino acid numbers shown in Fig. 
17, and wherein the peptide is selected from the group 
consisting of AA1-AA25, AA1-AA50, AA1-AA84, AA9-AA177, 

25 AAl-AAlO, AA5-AA20, AA20-AA25, AA35-AA45, AA50-AA100,' 
AA40-AA90, AA45-AA65, AA65-AA75, AA80-90, AA99-AA120, 
AA95-AA110, AA105-AA120, AA100-AA150, AA150-AA200, 
AA155-AA170, AA190-AA210, AA200-AA250, AA220-AA240, 
AA245-AA265, AA250-AA300, AA290-AA330, AA290-305, 

3Q AA300-AA350, AA310-AA330, AA350-AA400, AA380-AA395, 
AA405-AA495, AA400-AA450, AA405-AA415, AA415-AA425^ 
AA425-AA435, AA437-AA582, AA450-AA500, AA440-AA460,' 
AA460-AA470, AA475-AA495, AA500-AA550, AA5U-AA690, AA515- 
AA550, AA550-AA600, AA550-AA625, AA575-AA605, AA585-AA600, 

35 AA600-AA650, AA600-AA625, AA635-AA665, AA650-AA700, 
AA645-AA680, AA700-AA750, AA700-AA725, AA700-AA750, 
AA725-AA775, AA770-AA790, AA750-AA800, AA800-AA815, 
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AA825-AA850, AA850-AA875, AA800-AA850, AA920-AA990, 
AA850-AA900, AA920-AA945, AA940-AA965, AA970-AA990, 
AA950-AA1000, AA1000-AA1060, AA1000-AA1025, AA1000-AA1050, 
5 AA1025-AA1040, AA1040-AA1055, AA1075-AA1175, 
AA1050-AA1200, AA1070-AA1100, AA1100-AA1130 , 
AA1140-AA1165, AA1192-AA1457, AA1195-AA1250, 
AA1200-AA1225, AA1225-AA1250, AA1250-AA1300, 
AA1260-AA1310, AA1260-AA1280, AA1266-AA1428 , 

0 

AA1300-AA1350, AA1290-AA1310, AA1310-AA1340, AA1345- 
AA1405, AA1345-AA1365, AA1350-AA1400, AA1365-AA1380, 
AA1380-AA1405, AA1400-AA1450, AA1450-AA1500 , 
AA1460-AA1475, AA1475-AA1515, AA1475-AA1500, 
AA1500-AA1550, AA1500-AA1515, AA1515-AA1550 , 

5 AA1550-AA1600, AA1545-AA1560, AA1569-AA1931, 
AA1570-AA1590, AA1595-AA1610, AA1590-AA1650, 
AA1610-AA1645, AA1650-AA1690, AA1685-AA1770, 
AA1689-AA1805, AA1690-AA1720, AA1694-AA1735 , 
AA1720-AA1745, AA1745-AA1770, AA1750-AA1800, 
AA1775-AA1810, AA1795-AA1850 , AA1850-AA1900 , 
AA1900-AA1950, AA1900-AA1920, AA1916-AA2021, 
AA1920-AA1940, AA1949-AA2124 f AA1950-AA2000, 
AA1950-AA1985, AA1980-AA2000, AA2000-AA2050, 
AA2005-AA2025, AA2020-AA2045 , AA2045-AA2100, 

5 AA2045-AA2070, AA2054-AA2223 , AA2070-AA2100 , 
AA2100-AA2150, AA2150-AA2200 , AA2200-AA2250 , 
AA2200-AA2325, AA2250-AA2330 , AA2255-AA2270 , 
AA2265-AA2280, AA2280-AA2290, AA2287-AA2385, 
AA2300-AA2350, AA2290-AA2310, AA2310-AA2330, 
AA2330-AA2350, AA2350-AA2400 , AA2348-AA2464 , 
AA2345-AA2415, AA2345-AA2375, AA2370-AA2410, 
AA2371-AA2502, AA2400-AA2450, AA2400-AA2425 , 
AA2415-AA2450, AA2445-AA2500, AA2445-AA2475 , 
AA2470-AA2490, AA2500-AA2550, AA2505-AA2540 , 
AA2535-AA2560, AA2550-AA2600, AA2560-AA2580 , 
AA2600-AA2650, AA2605-AA2620, AA2620-AA2650, 
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AA2640-AA2660, AA2650-AA2700, AA2655-AA2670 , 
AA2670-AA2700, AA2700-AA2750, AA2740-AA2760 , 
AA2750-AA2800, AA2755-AA2780, 
5 AA2780-AA2830, AA2785-AA2810, AA2796-AA2886 , 
AA2810-AA2825, AA2800-AA2850, AA2850-AA2900, 
AA2B50-AA2865, AA2885-AA2905, AA2900-AA2950, 
AA2910-AA2930, AA2925-AA2950, AA2945-end(C terminal). 

° 11. A polypeptide comprised of the peptide of 

claim 10. 
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12. An immunogenic polypeptide attached to a 
solid substrate, wherein the polypeptide is according to 
claim 7, or claim 8, or claim 9, or claim 10, or claim 11, 
or wherein the polypeptide is comprised of an epitope 
encoded within HCV cDNA wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17. 

13. A monoclonal antibody directed against an 
epitope encoded in HCV cDNA, wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17, or is the sequence present in 
clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh. 

14. A preparation of purified polyclonal anti- 
bodies directed against a polypeptide comprised of an 
epitope encoded within HCV cDNA, wherein the HCV cDNA is 
of a sequence indicated by nucleotide numbers -319 to 1348 
or 8659 to 8866 in Fig. 17, or is the sequence present in 
clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
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CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh. 

15 . A polynucleotide probe for HCV, wherein the 
probe is comprised of an HCV sequence derived from an HCV 
cDNA sequence indicated by nucleotide numbers -319 to 1348 
or 8659 to 8866 in Fig. 17, or from the complement of the 
HCV cDNA sequence. 

16. A kit for analyzing samples for the pres- 
ence of polynucleotides from HCV comprising a 
polynucleotide probe containing a nucleotide sequence of 
about 8 or more nucleotides, wherein the nucleotide 
sequence is derived from HCV cDNA which is of a sequence 
indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Fig. 17, wherein the polynucleotide probe is in a 
suitable container. 

17. A kit for analyzing samples for the pres- 
ence of an HCV antigen comprising an antibody which reacts 
immunologically with an HCV antigen, wherein the antigen 
contains an epitope encoded within HCV cDNA which is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
8659 to 8866 in Fig. 17, or wherein the HCV cDNA is in 
clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh. 

18. A kit for analyzing samples for the pres- 
ence of an HCV antibody comprising an antigenic 
polypeptide containing an HCV epitope encoded within HCV 
cDNA which is of a sequence indicated by nucleotide 
numbers -319 to 1348 or 8659 to 8866 in Fig. 17, or is in 
clone 13i, or clone 26 j, or clone 59a, or clone 84a, or 
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" Cl0 " e 16 ">- « done pi 14a, or clone 

Toll V " e CA " 0a ' ° r ° l0re a ' 30a ' « «*~ or 
clone 18g, or clone 16jh. 

IS. A kit for analysing samples for the ores- 
ence of an HCV antibody comprising an antigenic 
Polypeptide expressed from HCV cDHA In clone CA27Sa or 
clone CA74a, or clone 131, or clone CUM., orllone lie 

clone Jf' \ ^ " f ' ° r Cl0TO 33 «' ° r 39c, or 

SS^r 8 ~ *- -~ i„ 

15 

20. a method for detecting HCV nucleic acids in 
a sample comprising: dS in 

(a) reacting nucleic acids of the sample with a 
polynucleotide probe for HCV, wherein the probers 
comprised of an HCV sequence derived from an HCV cDNA 

a 8 ::r nce lndicated by ~ 

319 to 1348 or 8659 to 8866 in Fig. I7 f and wherein th« 
reacting is under conditlons which 9 allow J ZZTioTlt 
a polynucleotide duplex between the probe and the HCV 
25 nucleic acid from the sample, 

(b) detecting a polynucleotide duplex which 
contains the probe, formed in step (a). 

comprising^' ^ imnUn0a8Say ** det -ting an HCV antigen 
30 * 

an hcv .«! a ' in =^ atin 9 a auepected of containing 

an HCV antigen with an antibody directed against an hcv 
epitope encoded in „cv cDNA, wherein the . 
absence indicated by nucleotide numbers -319 to 13« or 

35 Clo . "3 ln , FiS - M 18 ^ se, 5 uence Presen in 

clone «t« S 263 ' ° r 0lOne 59a ' « •«.. or 

clone CA156e, or clone 167b, or clone P il4a, or clone 
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CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh, and wherein the incubating is 
5 under conditions which allow formation of an antigen- 
antibody complex; and (b , detecting an antibody-antigen 
complex formed in step (a) which contains the antibody. 

22. An immunoassay for detecting antibodies 
iq directed against an HCV antigen comprising: 

(a) incubating a sample suspected of containing 
anti-HCV antibodies with an antigen polypeptide containing 
an epitope encoded in HCV cDNA, wherein the HCV cDNA is of 
a sequence indicated by nucleotide numbers -319 to 1348 or 

i5 8659 to 8866 in Pig. 17, or is the sequence present in 
clone 13i, or clone 26j, or clone 59a, or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh, and wherein the incubating is 

2q under conditions which allow formation of an antigen- 
antibody complex; and 

(b) detecting an antibody-antigen complex formed 
in step (a) which contains the antigen polypeptide. 

25 23. An immunoassay for detecting antibodies 

directed against an HCV antigen comprising: 

(a) incubating a sample suspected of containing 
anti-HCV antibodies with the polypeptide of claim 9, under 
conditions which allow formation of an antigen-antibody 

3q complex; and * 

(b) detect ing an antibody-antigen complex formed 
in step (a) which contains the antigen polypeptide. 

24. a vaccine for treatment of HCV infection 
3s comprising an immunogenic polypeptide containing an HCV 
epitope encoded in HCV cDNA, wherein the HCV cDNA is of a 
sequence indicated by nucleotide numbers -319 to 1348 or 
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8659 to 8866 in Fig. 17 or is the sequence present in 
clone 13i, or clone 26 j, or clone 59a r or clone 84a, or 
clone CA156e, or clone 167b, or clone pil4a, or clone 
CA216a, or clone CA290a, or clone ag30a, or clone 205a, or 
clone 18g, or clone 16jh, and wherein the immunogenic 
polypeptide is present in a pharmacologically effective 
dose in a pharmaceutically acceptable excipient. 

25. A method for producing antibodies to HCV 
comprising administering to an individual an isolated im- 
munogenic polypeptide containing an HCV epitope encoded in 
HCV cDNA, wherein the HCV cDNA is of a sequence indicated 

i5 by nucleotide numbers -319 to 1348 or 8659 to 8866 in Fig. 
17, or is of the sequence present in clone CA279a, or 
clone CA74a, or clone 13i, or clone CA290a, or clone 33C 
or clone 40b, or clone 33b, or clone 25c, or clone 14c, or 
clone 8f, or clone 33f, or clone 33g, or clone 39c, or 

2q clone 15e, and wherein the immunogenic polypeptide is 
present in a pharmacologically effective dose in a 
pharmaceutically acceptable excipient. 

26. An antisense polynucleotide derived from 
2s HCV cDNA, wherein the HCV cDNA is that shown in Fig. 17. 

27. A method for preparing purified fusion 
polypeptide C100-3 comprisingi 

J a) providin 9 a crude cell lysate containing 
polypeptide C100-3, 

(b) treating the crude cell lysate with an 
amount of acetone which causes the polypeptide to 
precipitate, 

material ^ iS ° latin9 and 8 °lubilizing the precipitated 

(d) isolating the C100-3 polypeptide by anion 
exchange chromatography, and 
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step Cd , ^VES^S^* C10 °- 3 of 



comprising?'' A ^ HCV Polypeptide 

(a) providing a host ceil transformed with a 
recombinant expression system comprising an open reading 

" e Z\ { T V d6riVed fr ° ra HCV CD **' therein the HcV 
CDHA is in clone 13i, or clone 26 jf or clone 59a, or clone 
84a, or clone CA156e, or clone !67b, or clone piUa, or 
clone CA216a, or clone CA290a, or clone ag30a, or clone 
205a, or clone 18g, or clone 16jh, or wherein the HCV cDNA 

15 tLo * 8eqUGnCe indicated * nucleotide numbers -319 to 
1348 or 8659 to 8866 in Pig. i 7 , wherein the ORP is 

des^H 11 ^ ? * C ° ntr01 SOqUenCe co ™e ati °le ^th a 
desired host; and 

wl *h -ii (b> incubatin 9 ^ host cell under conditions 
2Q with allow expression of the HCV polypeptide. 

MlvnanHH 29, A " ,ethoa £ or P^pering an immunogenic HCV 
polypeptide comprising: 

r-o„ ki (<1) Pr ° vidln 9 a h «st cell transformed with a 
25 recombinant expression vector comprising an ORP of DMA 
derived from HCV cDNA, wherein the HCV. cONA is comprised 
of « sequence derived from the HCV cONA sequence in clone 

c^nl V ? CA?4a ' ° r Cl ° ne 13i ' ° r clone or 
clone 33c, or clone 40b, or clone 33b, or clone 25c, or 

3Q clone 14c, or clone 8f, or clone 33f, or clone 33g, or 
clone 39c, or clone 15e, wherein the OEP is operably 
linked to a control sequence compatible with the desired 
host; and 

wh^K „ (b) incubatin 9 the host cell under conditions 
35 which allow expression of the HCV polypeptide. 

30. A method for preparing a host cell 
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transformed with a recombinant polynucleotide comprisina a 
sequence of HCV cdna derived from the HCV cDNA 
131, or clone 26 j, or clone 59a, or clone 84a, or clone 
CA156e, or clone 167b, or clone pil4a, or clone ^ or 
clone CA290a, or clone ag30a, or clone 205a, or ^oTltl 
or clone 16jh, or wherein the HCV cDNA ia of a sequence 
indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Fig. 17 comprising: 

(a) providing a host cell capable of 
transformation; 

(b) providing the recombinant polynucleotide- 
and ' 

" . . « (C) incuba ting (a) with (b) under conditions 

which allow transformation of the host cell with the 
polynucleotide. 



10 



31. A method for preparing a recombinant 
2Q polynucleotide comprised of a sequence of HCV cDNA derived 
from the HCV cDNA in clone 13i, or clone 26 j, or clone 
59a, or clone 84a, or clone CA156e, or clone 167b, or 
clone pi!4a, or clone CA2l6a, or clone CA290a, or clone 
ag30a, or clone 205a, or clone 18g, or clone 16jh, or 
2s wherein the HCV cDNA is of a sequence indicated by 

nucleotide numbers -319 to 1348 or 8659. to 8866 in Fig. 17 
comprising: * 

(a) providing a host cell transformed with the 
recombinant polynucleotide; and 

host cell. 



30 



(b) isolating said polynucleotide from said 



32. A method for preparing blood free of HCV 
comprising: 

35 (a) P rovidin 9 « sample of blood suspected of 

containing HCV and anti-HCV antibodies; 
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(b) providing an Immunogenic polypeptide 
prepared according to claim 28 or 29; 
5 (c) incubating the sample of (a) with the 

immunogenic polypeptide of (b) under conditions which 
allow the formation of antibody-HCV polypeptide complexes; 

(d) detecting the complexes formed in step (c); 

and 

10 < e > saving the blood from which complexes were 

not detected in (d). 

33. A method for preparing blood free of HCV 
comprising! 

15 ( a > Providing nucleic acids from a sample of 

blood suspected of containing HCV polynucleotides; 

(b) providing a probe for HCV, wherein the 
probe is comprised of an HCV sequence derived from an HCV 
cDNA which is of a sequence indicated by nucleotide 

2q numbers -319 to 1348 or 8659 to 8866 in Pig. 17, 

(c) reacting (a) with (b) under conditions 
which allow the formation of a polynucleotide duplex 
between the probe and the HCV nucleic acid from the 
sample; 

25 (d) Meeting a polynucleotide which contains 

the probe, formed in step (c); and 

(e) saving the blood from which complexes were 
not detected in (d). 
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34. A method for producing a hybridoma which 
produces anti-HCV monoclonal antibodies comprising: 

(a) immunizing an individual with an 
immunogenic polypeptide containing an epitope encoded in 
HCV cDNA, wherein the HCV cDNA is HCV cDNA in clone 13i, 
or clone 26 j, or clone 59a, or clone 84a, or clone CA156e, 
or clone 167b, or clone pil4a, or clone CA216a, or clone 
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CA290a, or clone ag30a, or clone 205a, or clone 18g, or 
clone 16jh, or wherein the HCV cONA Is of a sequence 
Indicated by nucleotide numbers -319 to 1348 or 8659 to 
8866 in Pig. 17; or 

(b) immunizing an individual with an 
immunogenic polypeptide prepared according to claim 29; 

(c) immortalizing antibody producing cells from 

^ the immunized individual; 
10 

(d) selecting an immortal cell which produces 
antibodies which react with an HCV epitope in the 
immunogenic polypeptide of (a) or (b) ; and 

(e) growing said immortal cell. 
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FIG. I Translation of DNA 12f 

IlePheLyslleArgMetTyrValGlyGlyValGluHisArgLeuGluAlaAlaCysAsn 
1 CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA 
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT 

TrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSerGluLeuSerProLeu 
61 ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT 
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA 

I^uI^uThrThrThrGlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeu 
121 TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT 
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA 



GlySerSerlleAlaSerTrpAlalleLysTrpGluTyrValValLeuLeuPheLeuLeu 
24 1 TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC 
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG 



181 




301 




361 




421 



Val 
TTGTATC 
AACATAG 
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FIG. 2-1 Translation of DNA k9-l 

GlyCysProGluArgLeuAlaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly 
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG 
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC 

ProIleSerTyrAlaAsnGlySerGlyProAspGlnArgProTyrCysTrpHisTyrPro 
6 1 GCCCTATCAGTTATGCCAACGG AAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACC 
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG 

ProLysProCysGlylleValProAlaLysSerValCysGlyProValTyrCysPheThr 
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA 
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAAGT 

ProSerProValValValGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly 
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG 
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC 

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTrpPhe 

24 1 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA 

GlyCysThrTrpMetAsnSerThrGlyPheThrLysValCysGlyAlaProProCysVal 
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG 
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC 

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArgLysHisPro 
361 TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC 
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG 

AspAlaThrTyrSerArgCysGlySerGlyProTrpIleThxProArgCysLeuValAsp 
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG 
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC 



An* » ^^oTyrArgLeuTrpHisTyr ProCysThr IleAsnTyrThrllePheLy s IleArg 
481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACTATATTTAAAATCA 
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT 



c , , „ M etT y rVal GlyGlyValGluHisArgLeuGluAlaAlaCy sAsnTrpThrArgGlyGlu 
541 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG 
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC 



ArgCysAspLeuGluAspArgAspArgSerGluLeuSerProLeuLeuLeuThrThrThr 
601 AACGTTGCGATCTGGAAGATAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA 
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT 

GlnTrpGlnValLeuProCysSerPheThrThrLeuProAlaLeuSerThrGlvLeulle 
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA 
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGACGGTCGGAACAGGTGGCCGGAGT 

HisLeuHisGlnAsnlleValAspValGlnTyrLeuTyrGlyValGlySerSerlleAla 

721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG 
AGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGC 



SerTrpAlalleLysTrpGluTyrValYalLeuLeuPheLeuLeuLeuAlaAspAlaAra 
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCGTCCTCCTGTTCCTTCTGCTTGCAGACGCGC 
GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCG 
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VaLCysSerCysI^uTrpMetMetLeuLeuIleSerGlnAlaGluAlaAlaLeuGluAsn 
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAAGCGGCTTTGGAGA 
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT 



LeuVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuVal 
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG 
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGC 



PhePheCysPheAlaTrpTyrLeuLysGlyLysTrpValProGlyAlaValTyrThrPhe 
961 TGTTCTTCTGCTTTGCATGGTATCTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT 
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA 



TyrGlyMetTrpProLeuteuLeuLeuLe^ 
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC 
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG- 



AspThrGluValAlaAlaSerCysGlyGlyValValLeuValGlyLeuMetAlaLeuThr 
1081 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTAA 
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT 



1141 




1201 




1261 




1321 



LeuLeuLeuAlaValPheGlyProLeuTrpIleLeuGlnAla 
AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG 
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC 



FIG. 2-2 
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FIG. 3 



1 C^GCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGC 
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTTGGGGGGAGCGCTCTCG 

« t ^i^^^?^i^ gHisThrProValAsnSerTr P Leu G 1 yAsnIleIleMetPhe 
61 TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTT 
ACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTATTAGTACAA 



. AlaProTte^uTrpAlaArgMetlleLeuMetThrHisPhePheSerValLeuIleAla 

gtccctggtcgaacttgtccgggagctaacgctctagatgc^cggacgaS 

ProLeuAspLeuProProIlelleGlnArgLeu 
241 ACCACTTGATCTACCTCCAATCATTCAAAGACTC 
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 



FIG. 5 
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FIG. 4 

Translation of DNA 13i 

GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGATGGATGTCGACCC 
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTAl'GGTCCGGTGGCGACCCGW 

121 di" p ^^ 

AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCG^ 
i oi ^Ji^i^iX AlaG1 y AsnAsnTlttLeuH isCysProThrAspCysPheAroLvsHisPro 

GCCTGCGGTGTATCAGAGCCACGCCGAGGCCAGGGACCGAGTGTGG^CCACGGACCAGC 



241 



301 ACT«MSffl 

TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTCATCTCG^ATA^ 

361 cSESSffi^ 

cctacatgcaccctccccagctcgtgt^ 

r Overlap with 12 f 

ttgcaacgctagaccttctgtccctgtccaggctcgagtcgggcaItc^ 

481 dSSSSSS^^^^^^^^^^^^ 

gtgtcaccgtccaggagggcacaaggaagtgttcggacgg^cggaacag^ 



SUBSTITUTE SHEET 



WO 90/11089 



6/40 



PCI7US90/01348 



FIG. 6 

Translation of DNA CA59a 

LeuValMetAlaGlnLeuLeuArglleProGlnAlalleLeuAspMetlleAlaGlyAla 
1 TTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGATCGCTGGTGCT 
AACCATTACCGAGTCGACGAGGCCTAGGGTGTTCGGTAGAACCTGTACTAGCGACCACGA 

HisTrpGlyValLeuAlaGlylleAlaTyrPheSerMetValGlyAsnTrpAlaLysVal 
61 CACTGGGGAGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGGAACTGGGCGAAGGTC 
GTGACCCCTCAGGACCGCCCGTATCGCATAAAGAGGTACCACCCCTTGACCCGCTTCCAG 

LeuValValLeuLeuLeuPheAlaGlyValAspAlaGluThrHisValThrGlyGlySer 
121 CTGGTAGTGCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGT 
GACCATCACGACGACGATAAACGGCCGCAGCTGCGCCTTTGGGTGCAGTGGCCCCCTTCA 

AlaGlyHisThrValSerGlyPheValSerLeuLeuAlaProGlyAlaLysGlnAsnVal 
181 GCCGGCCACACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGTC 
CGGCCGGTGTGACACAGACCTAAACAATCGGAGGAGCGTGGTCCGCGGTTCGTCTTGCAG 

GlnLeulleAsnThrAsnGlySerTrpHisLeuAsnSerThrAlaLeuAsnCysAsnAsp 
241 CAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGAT 
GTCGACTAGTTGTGGTTGCCGTCAACCGTGGAGTTATCGTGCCGGGACTTGACGTTACTA 



SerLeuAsnThrGlyTrpLeuAlaGlyLeuPheTyrHisHisLysPheAsnSerSerGly 
301 AGCCTC AACACCGGCTGGTTGGCAGGGCTTTTCTATCACCACAAGTTCAACTCTTCAGGC 
TCGGAGTTGTGGCCGACCAACCGTCCCGAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCG 

Overlap with 26 j ■ 



Overlap with K9-1 

• CysProGluArgLeuAlaSerCysArgPro 
361 TGTCCTG AGAGGCTAGCCAGCTGCCGACCCC 
ACAGGACTCTCCGATCGGTCGACGGCTGGGG 
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Translation of DNA CA84a FIG. 7 

GlnGlyCysAsnCysSerlleTyrProGlyHisIleThrGlyHisArgMetAlaTrpAsp 
1 CGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATGGG 
GCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACCC 



MetMetMetAsnTrpSerProThrThrAlaLeuValMetAlaGlnLeuLeuArgllePro 
61 ATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCC 
TATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTACCGAGTCGACGAGGCCTAGG 



GlnAlalleLeuAspMetlleAlaGlyAlaHlsTrpGlyValLeuAlaGlylleAlaTyr 
121 CACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGT 
GTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGCA 

Overlap with CAS 9 a 

PheSerMetValGlyAsnTrpAlaLysValLeuValValLeuLeuLeuPheAlaGlyVal 
181 ATTTCTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGCCGGCG 
TAAAGAGGTACCACCCCTTGACCCGCTTCCAGGACCATCACGACGACGATAAACGGCCGC 



AspAlaGluThrHisValThrGly 
241 TCGACGCGGAAACCCACGTCACCGGGG 
AGCTGCGCCTTTGGGTGCAGTGGCCCC 



Translation of DNA CA156e FIG. 8 

CysTrpValAlaMetThrProThrValAlaThrArgAspGlyLysLeuProAlaThrGln 
1 GTGTTGGGTGGCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCA 
CACAACCCACCGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTGCGT 

LeuArgArgHisIleAspLeuLeuValGlySerAlaThrLeuCysSerAlaLeuTyrVal 
61 GCTTCGACGTCACATCGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGT 
CGAAGCTGCAGTGTAGCTAGACGAACAGCCCTCGCGGTGGGAGACAAGCCGGGAGATGCA 

GlyAspLeuCysGlySerValPheLeuValGlyGlnLeuPheThrPheSerProArgArg 
121 GGGGGACCTATGCGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTCTCCCAGGCG 
CCCCCTGGATACGCCCAGACAGAAAGAACAGCCGGTTGACAAGTGGAAGAGAGGGTCCGC 



HisTrpThrThrGlnGlyCysAsnCysSerlleTyrProGlyHislleThrGlyHisArg 
181 CCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACGGGTCACCG 
GGTGACCTGCTGCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGC 

Overlap with CA84a 

MetAlaTrpAspMetMetMetAsnTrpSerProThrThrAlaLeuValValAlaGlnLeu 
241 CATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAGTGGCTCAGCT 
GTACCGTACCCTATACTACTACTTGACCAGGGGATGCTGCCGCAACCATCACCGAGTCGA 



LeuArglleProGlnAla 
301 GCTCCGGATCCCACAAGCC 
CGAGGCCTAGGGTGTTCGG 
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FIG. 9 



Translation of DNA CA167b 

SerThrGlyLeuTyrHisValThrAsnAspCysProAsnSerSerlleValTyrGluAla 
1 CTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGC 
GAGGTGCCCCGAAATGGTGCAGTGGTTACTAACGGGATTGAGCTCATAACACATGCTCCG 

AlaAspAlalleLeuHisThrProGlyCysValProCysValArgGluGlyAsnAlaSer 
6 1 GGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTC 
CCGGCTACGGTAGGACGTGTGAGGCCCCACGCAGGGAACGCAAGCACTCCCGTTGCGGAG 



ArgCysTrpValAlaMetThrProThxValAlaThxArgAspGlyLysLeuProAlaThr 
121 GAGGTGTTGGGTGGCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGAC 
CTCCACAACCCACCGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTG 

Overlap with CA156e 

GlnLeuArgArgHisIleAspLeuLeuValGlySerAlaThrLeuCysSerAlaLeuTyr 
181 GCAGCTTCGACGTCACATCGATCTGCTTGTCGGGAGCGCTACCCTCTGTTCGGCCCTCTA 
CGTCGAAGCTGCAGTGTAGCTAGACGAACAGCCCTCGCGATGGGAGACAAGCCGGGAGAT 



valGlyAspLeuCysGlySerValPheLeu 
241 CGTGGGGGACTTGTGCGGGTCTGTCTTTCTTG 
GCACCCCCTGAACACGCCCAGACAGAAAGAAC 
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FIG. 10 



Translation of DNA ssCA216a 



ArgArgArgSerArgAsnlAuGlyLysVallleAspThrLeuThrCysGlyPheAlaAsp 
1 CCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCGGCTTCGCCG 
GGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGCCGAAGCGGC 

LeuMetGlyTyrlleProLeuValGlyAlaProLeuGlyGlyAlaAlaArgAlaLeuAla 
61 ACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGG 
TGGAGTACCCCATGTATGGCGAGCAGCCGCGGGGAGAACCTCCGCGACGGTCCCGGGACC 

HisGlyValArgValLeuGliiAspGlyValAsnTyrAlaThrGlyAsnLeuProGlyCys 
121 CGCATGGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCCTGGTT 
GCGTACCGCAGGCCCAAGACCTTCTGCCGCACTTGATACGTTGTCCCTTGGAAGGACCAA 



181 GCTCTTTCTCTATCTTCCTTCTGGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCT 
CGAGAAAGAGATAGAAGGAAGACCGGGACGAGAGAACGAACTGACACGGGCGAAGCCGGA 




GlyAsnAlaSerArgCysTrpValAlaMetThrProThrValAla 
361 AGGGCAACGCCTCGAGGTGTTGGGTGGCGATGACCCCTACGGTGGCC 
TCCCGTTGCGGAGCTCCACAACCCACCGCTACTGGGGATGCCACCGG 
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FIG. 1 1 

Translation of DNA ssCA290a 

LysLysAsnLysArgAsnThrAsnArgArgProGlnAspValLysPheProGlyGlyGly 
1 AAAAAAAAAACAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCG 
TTTTTTTTTTGTTTGCATTGTGGTTGGCAGCGGGTGTCCTGCAGTTCAAGGGCCCACCGC 

GlnlleValGlyGlyValTyrLeuLeuProArgArgGlyProArgLeuGlyValArgAla 
61 GTCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCG 
CAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCCCCGGGATCTAACCCACACGCGC 

ThrArgLysThrSerGluArgSerGlnProArgGlyArgArgGlnProIleProLysAla 
121 CGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACGCCAGCCTATCCCCAAGG 
GCTGCTCTTTCTGAAGGCTCGCCAGCGTTGGAGCTCCATCTGCGGTCGGATAGGGGTTCC 

ArgArgPrc>GluGlyArgThrTrpAlaGlnProGlyTyrProTrpProLeuTyrGlyAsn 
181 CTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCA 
GAGCAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCCATGGGAACCGGGGAGATACCGT 

GluGlyCysGlyTrpAlaGlyTrpLeuLeuSerProArgGlySerArgProSerTrpGly 
241 ATGAGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGG 
TACTCCCGACGCCCACCCGCCCTACCGAGGACAGAGGGGCACCGAGAGCCGGATCGACCC 

«, ^^ProThrAspProArgArgArgSerArgAsnLeuGlyLysVallleAspThrLeuThrCys 
301 GCCCCACAGACCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGT 
CGGGGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCA 



^^i yPh ^^ sp ^^ etG1 y^ rIleProLeuValG1 y A1 aProLeuGlyGlyAlaAla 
361 GCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTG 
CGCCGAAGCGGCTGGAGTACCCCATGTATGGCGAGCAGCCGCGGGGAGAACCTCCGCGAC 



— overlap with CA216a- 



. „ n ^^g^^e^aHisGlyValArgValLeuGluAspGlyValAsnTyrAlaThrGlyAsn 
4 21 CCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGTGAACTATGCAACAGGGA 
GGTCCCGGGACCGCGTACCGCAGGCCCAAGACCTTCTGCCGCACTTGATACGTTGTCCCT 



LeuProGlyCysSerPheSerThrPhe 
481 ACCTTCCTGGTTGCTCTTTCTCTACCTTC 
TGGAAGGACCAACGAGAAAGAGATGGAAG 
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Translation of DNA ag30a 



FIG. 12-1 



#MetSerValValGlnProProGlyProProLeu 



#MetAlaLeuValOP 

1 CGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCC 
GCGTCTTTCGCAGATCGGTACCGCAATCATACTCACAGCACGTCGGAGGTCCTGGGGGGG 

ProGlyGluProAM 



61 TCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGAC 
AGGGCCCTCTCGGTATCACCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTG 



121 CGGGTCCTTTCTTGGATCAACGCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGA 
GCCCAGGAAAGAACCTAGTTGGGCGAGTTACGGACCTCTAAACCCGCACGGGGGCGTTCT 



181 CTGCTAGCCGAGTAGTGTTGGGTCGCGAAAGGCGTTGTGGTACTGCCTGATAGGGTGCTT 
GACGATCGGCTCATCACAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAA 



GluCysProGlyArgSerArgArgProCysThrMetSerThrAsnProLysProGlnLys 



24 1 GCGAGTGCCCCGGGAGGTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAA 
CGCTCACGGGGCCCTCCAGAGCATCTGGCACGTGGTACTCGTGCTTAGGATTTGGAGTTT 

LysAsnLysArgAsnThrAsnArgArgProGlnAspValLysPheProGlyGlyGlyGln 



301 AAAAA2VACAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGGTC 
TTTTTTTGTTTGCATTGTGGTTGGCAGCGGGTGTCCTGCAGTTCAAGGGCCCACCGCCAG 

IleValGlyGlyValTyrLeuLeuProArgArgGlyProArgLeuGlyValArgAlaThr 



361 AGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGA 
TCTAGCAACCACCTCAAATGAACAACGGCGCGTCCCCGGGATCTAACCCACACGCGCGCT 

ArgLysThrSerGluArgSerGlnProArgGlyArgArgGlnProIleProLysAlaArg 



421 CGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCTC 
GCTCTTTCTGAAGGCTCGCCAGCGTTGGAGGTCCATCTGCAGTCGGATAGGGGTTCCGAG 

ArgProGluGlyArgThrTrpAlaGlnProGlyTyrProTrpProLeuTyrGlyAsnGlu 

overlap with CA290a 

481 GTCGGCCCGAGGGCA5GACCTGGGCTCAGCCCGGGTACCCTTGGCCCCTCTATGGCAATG 
CAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCCATGGGAACCGGGGAGATACCGTTAC 

GlyCysGlyTrpAlaGlyTrpLeuLeuSerProArgGlySerArgProSerTrpGlyPro 



541 AGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCC 
TCCCGACGCCCACCCGCCCTACCGAGGACAGAGGGGCACCGAGAGCCGGATCGACCCCGG 

ThrAspProArgArgArgSerArgAsnLeuGlyLysVallleAspThrl^uThrCysGly 



#MetProGlyAspLeuGlyValProProGlnAsp 



CysAM 



OP AM GlyAlaCys 



* 
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601 CCACAGACCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCG 
GGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGC 

Phe 

661 GCTTC 
CGAAG 

* - Start of long HCV ORF 

I - Putative first amino acid of large HCV polyprotein 

# " Putative small encoded peptides (that may play a 

translational regulatory role) 



FIG. 12-2 
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61 



241 



FIG. 13 

Translation of DNA CA205a 



1 ^^^^^saas^ssssssss 



* 

^^ rAr ^ Ar 9ProCysThrMetSerThrAsnPj 



TCCAi 



GAGCATCTGGCACGTOTTACTCGTGCTTAG(^TTTTCA^CT^S^gS 



i2i AtS™^^^S oGlnAspValLysPheProG1 y G1 yGiyGi 




™" *~ overlap with CA290a _ 



* - putative initiator methionine codon 
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FIG. 14 

Translation of DNA 18g 



#ProProOP 

aSSESS^^ Pro 




G^GTGGTACTTAGTGAGGGGACACTCCTTGATGAOIG^ 



#MetSerValValGlnProProGlyProProLeuProGlyGluProAM"" 
MetAlaLeuValOP 

61 ^^^^^^^^^^ 



121 ^^^S^^^ c ^^~c 

overlap with ag30a : 

#MetProGlyAspLeuGlyValProProGlnAspCysAM 

181 ^^^^^^^l^^ 



OP AM 



GlyAlaCysGluCysProGlyArgSer 

241 ^^^^^^^^^^ 

ArgArg 

301 CTCGTAGA 
GAGCATCT 



* - Start of long HCV ORF 

# - Putative small encoded peptides (that mav 

Play a translational regulator? role) 7 
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FIG. 15 



Translation of DNA 16jh 
~ Overlap with 15e 



Gly* 

lei ssssss^^ 

cgatccg^gaccggtctcctccgtcccgSS^ 

^ * , AlaVal ArgThrLy sLeuLys 
241 GCAGTAAGAACAMGCTCAAAC 
CGTCATTCTTGTTTCGAGTTTG 



nucleotide heterogeneity 
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COMBINED ORF OF DNAs pil4a THROUGH 15e 

FIG. 16-1 

(pil4a/CA167b/CA156e/CA84a/CA59a/K9-l/ l2 f/14i/llb/7f/7e/ 

8h/33c/40b/37b/35/36/Bl/32/33b/25c/l4c/8f/33f/33g/39c/ 
35f/19g/26g & 15e) 

'GSBBGHaaHSBl 

S^Si^^f^i^fnTyrA^ 

^ACAGGGAACCTTCCTG 
" CAACGAGAAAG 



*- BHBBaeBeaaasB 

301 82£S33^^ 



«CCGCCQ«*^^ 

361 GCCTC§£lS™£^ sLeuPro 
CGGASCTC^CAACCCACCGSSIJSSiSiJg^S 

- bsssbbbsbbs 

- aaassBssGsaass 

- aBasaasaaamas 
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1681 
1741 



1801 IIH^CXJ^ 



0 



WO 90/11089 

PCT/US90/01348 
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TTttCCCTCATGCAGCAAGAG^A^AGG^GAQSAACGTCTGCGCGCGCAGACGAGGACG 
CAGAAGCCTGGGGAAACCTAAGAAG^TCGGTCAAACGAATTOC^ 

^S?^^^^^^aArg Ly , 



2281 



2341 



2401 




:tactagcctccggtaatgcac 

2521 C P ^S^S^^|" ? ^l.VJlAl.V.101u P roV.l 

SS a G «occcioaccc G ^^S^JSS C aS^S 

2761 ^^l?g^S^^«^g^A«pLy«A.nGl„ 

ctctcttccccggaggatcc^ 
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2821 
2881 
2941 
3001 
3061 
3121 
3181 
3241 
3301 



CCAGGACAGTAGGTCTACATATGGTTACATCTCGTTCTGGAACACOTGKCGGGCGMG^ 



GTGCGG CACCCG TATAAATCCCGGCGCCACACGTGGGCACCTCACCG ATTCCGCCACCTG 



3421 
3481 
3541 



..ww W „««v««^^ttoi'UACCCGAAACCACGAATGTACAGGTTCCGAGTACCCTAG 
CTAGGATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTWGGOTAGTCCATCAGG 



GTTCGTCTCTGACGCCCCCGCT(^ACCAACACGAGTCGTGGCGGTGGGGAGGCCCGAGG 
CAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGTGGCCTCK 

SUBSTITUTE SHEET 
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FIG I6""5 

AAAATGCCGTTCCGATAGGGGGAGCTTCATTA6TTCCCCCCCTCTGTAGAGTAGAAGACA 

3841 

GTAAGTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTA^CCGTAGTOACGG 



3901 

CACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTCGTCGCCGCTA^AACA^ 




3961 

CACCGTTGGCTACGGGAGTACT6GCCGATATCGCCGCTGAA 

- ^^^^ 



- ^^^^ 



<^CASTGCTCGTG S ACCCACGAGCMCC S tt^ 

GACAGTTCTCCGACGCACCAGTATCACCCGTCCCAGCAGMCAG^CCTTCGGCCGTOAG 



TATGGACTGTCCCTTCAGGAGATCGCTCTCAAGCTACTCTACCTTCTC^GAGAGTCGTG 
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FIG. 16-6 

LeuProTyrlleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGly 
TTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGC 
AATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCG 

LeuLeuGlnThrAlaSerArgGlnAlaGluVallleAlaProAlaValGlnThrAsnTrp 
CTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGG 
GAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACC 

GlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlylleGlnTyr 
CAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATAC 
GTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATG 

LeuAlaGlyLeuSerThrLeuProGlyAsnProAlalleAlaSerLeuMetAlaPheThr 
TTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACA 
AACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGT 

AlaAlaValThrSerProLeuThrThrSerGlnThrLeuLeuPheAsnlleLeuGlyGly 
GCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGG 
CGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCCC 

TrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheValGlyAlaGlyLeu 
TGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCGCTGGCTTA 
ACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAAT 

AlaGlyAlaAlalleGlySerValGlyLeuGlyLysValLeuIleAspIleLeuAlaGly 
GCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGG 
CGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCC 

TyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGluValPro 
^^^55£S TGGCGGGA6CTCTTCTCG ^ TT ^ GATCATG AGCGGTGAGGTCCCC 
ATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGG 

SerThrGluAspLeuValAsnLeULeuProAlalleLeuSerProGlyAlaLeuValVal 
?S C iSSS A S GACCTGGTC ^ rcTACTCCCCGC ^ T CCTCTCGCCCGGAGCCCTCGTAGTC 
AGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAG 

GlyValValCysAlaAlalleLeuArgArgHisValGlyProGlyGluGlyAlaValGln 
GGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGTGCAG 
CCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTC 

^»^ A ?^2^iiJi e ^ aPheAlaSerAr 9 G1 y AsnHisVal SerProThrHisTyr 
TGGATGAACCGGCTGATAGCCTTCGCGTCCCGGGGGAACCATGTTTCCCCCACGCACTAC 
ACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATG 

ValProGluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThr 
GTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACC 
CACGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGG 

GlnLeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThrProCysSerGly 
CAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGT 
GTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCA 

SerTrpLeuArgAspileTrpAspTrplleCysGluvalLeuSerAspPheLysThrTrp 
TCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGG 
AGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACC 

LeuLysAlaLysLeuMetProGlnLeuProGlylleProPheValSerCysGlnArgGly 
CTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGG 
GATTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCC 

TyrLysGlyValTrpArgValAspGlylleMetHisThrArgCysHisCysGlyAlaGlu 
TATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGAG 
ATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGGTGACACCTCGACTC 

lleThrGlyHisValLysAsnGlyThrMetArglleValGlyProArgThrCysArgAsn 
ATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAAC 
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TAGrGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTTG 

^^PS^GiyThrPheProileAsnAlaTyrThrThrGlyProCvsThrProLeuPro 
5821 SS^ACCT^ 

TACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGAAGGA 

seel £S3SSE2S53i£S^ 

CGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCMATACAttTCTA^CC 

59 » c^i^^^M^JSgAtS^S 

GTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAGAGTTOACGGGCACG 
GTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGGATCTATWAAACGC 

ggggggacgttcgggaacgacgccctcctccatagtmgtc^tc^IggKctotc 

<KCCATCCCAGCGTTAATCGAACGCTCGGGCT1GGCCTGCA^GKACAACTCCAGGTAC 

6161 llilli™^^^ 

GAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCAACCGCTCCCCTAGT 
GGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGA 

ACGTGGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGTTCGAGGATACCTCC 

«.l S&^^SSSSg^»^S?^? 
GTCCTCTACCCGCCGTTGTAGIGGTCCCAACTCMTCTTTTGTTOCACCACTAAGA^TC 

6421 Ssi^ 3 ^^^^^^*^ 

AGGAAGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAG 

GACGCCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGATATTG 
GGGGGCGAICACCTCIGCACCimiOKGCT§ATCC?SiSSM|§I^ 




" 01 GGCGMGGTGGAGGTTTCAGGt^ 

GAGTGACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCG 

SerSerTlttSerGlylleThrGlyAspAsnThrThrThrSerSerGluProAlaProSer 
6721 TCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTGAGCCCGCCCCTTCT 
AGGAGTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGACTCGGGCGGGGAAGA 
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r, r o F, G. 16-8 

GGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGAG 
CCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGGGGACCTCCCCCTC 

p ^y A fP p £o A ?P^ uSerAs PGlySerTrpSerThrValSerSerGluAlaAsnAla 
CCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGCG 
GGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCGC 

GluAspValValCysCysSerMetSerTyrSerTrpThrGlyAlaLeuValThrProCys 
GAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGCACTCGTCACCCCGTGC 
CTCCTACAGCACACGACGAGTTACAGAATGAGAACCTGTCCGCGTGAGCAGTGGGGCACG 

AlaAlaGluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeuLeuArgHisHis 
GCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCAC 
CGGCGCCTTCTTGTCTTTGACGGGTAGTTACGTGATTCGTTGAGCAACGATGCAGTGGTG 

AsnLeuValTyrSerThrThrSerArgSerAlaCysGlnArgGlnLysLysValThrPhe 
AATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTT 
TTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCG TCTTCTTTCAG TGTAAA 

^!S A ^fi2i} GlnValI,euAs P SerHisT y rGlnAs P Val LeuLysGluValLysAlaAla 
^^^T^ CAAGTTCTCGA ^ GC ^ TTACCAGGACGTACT ^GGAGGTTAAAGCAGCG 
CTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTCCAATTTCGTCGC 

A J;2S2f LysValLysAlaAsnl,euLeuSerValGlu GluAlaCysSerLeuThrProPro 
S£S?S AAAAGTCAAGGCTAACTTCCTATCCGTAGA GGAAGCTTGCAGCCTGACGCCCCC^ 
CGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAACGTCGGACTGCGGGGGT 

HisSerAlaLysSerLysPheGlyTyrGlyAlaLysAspValArgCysHisAlaArgLvs 
C^TCAGCCAMTCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGAAAG 
GTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTCTGCAGGCAACGGTACGGTCTTTC 

^iSXm«?^5HJi^ snSerValTr P L y sAs P^ u ^ uGluA spAsnValThrProIle 
2^? A J^SS A ^ T ^ CTCCGTC ^ AAAGAC CTTCTGGAAGACAATGTAA<^COATA 
CGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAGACCTTCTGTTACATTGTGGTTAT 

?!^I^^J^SHi aLysAsnGluValpheC y 8ValGlnproG l u LysGlyGlyArg 

GAC ^^ AG ^^TGGCTAAGAACGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGT 
CTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGACTCTTCCCCCCAGCA 

* y H^? A i a ^ 9 ^ UIleValPheProAs P LeuG1 y ValA rgValCysGluLysMetAla 
^^S^ GTCTCATCGTCTTCCCCGATCTCGGCG TGCGCGTGTGCGAAAAGATGGCT 
TTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACGCGCACACGCTTTTCTACCGA 

LeuTyrAspValValThrLysLeuProLeuAlaValMetGlySerSerTyrGlyPheGln 
TTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTACGGATTCCAA 
AACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCGAGGATGCCTAAGGTT 

TyrSerPrpGlyGlnArgValGluPheLeuValGlnAlaTrpLysSerLysLysThrPro 
^^ C ^ GGACAGCGGGTTCAATTCCTCGTCCAAGCG ^ GA AGTCC^GAAAACCCCA 
ATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTCGCACCTTCAGGTTCTTTTGGGGT 

*^SiX p Ji eS ^^ rAs P TteArgCysPheAs P SerThrVa lThrGluSerAspIleArg 
ATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGT 
TACCCCAAGAGCATACTATGGGCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCA 

ThrGluGluAlalleTyrGlnCysCysAspLeuAspProGlnAlaArgValAlalleLys 
ACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAG 
TGCCTCCTCCGTTAGATGGTTACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTC 

SerLeuThrGluArgLeuTyrValGlyGlyProLeuThrAsnSerArgGlyGluAsnCys 
TCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGC 
AGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACG 

GlyTyrArgArgCysArgAlaSerGlyValLeuThrThrSerCysGlyAsnThrLeuThr 
GGCTATCGCAGGlGCCGCGCGAGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACT 
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FIG. 16-9 

CCGATAGCGTCCACGGCGCGCTCGCCGCATGACTGTTGATCGACACCATTGTGGGAGTGA 
S^m^J«o^!^ 1 ^ 9AlaAlaC y sAr 9 AlaAlaG1 y L euGlnAspCysThrMetLeu 

ACGATGTAGTTCCGGGCCCGTCGGACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGAG 

va icy sG lyAspAspLeuValVal HeCy sGluSerAl aGlyValG InGluAsD AlaAl a 
GTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCG 
CACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGC 

?^^^ gAlapheThrGluAlaMetThrAr 9 T yrSerAlaProProGlyAspProPro 
AGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCA 
TCGGACTCTCGGAAGTGCCTCCGATACTGGTCC^TGAGGCGGGGGGGACCCCTCGGGG 

GlnProGluTyrAspLeuGluLeuIleThrSerCysSerSerAsnValSerValAlaHis 

CAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTCC^CG^ 

GTTGGTCTTATGCTGMCCTCGAGTATTGTAGTACGAGGAGGTTGCA^GTCAGCGGGTG 

^f^y^i^iy^ysArgValTyrTyrLeuThrArgAspProThrThrProLeuAlaArg 
CGACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGATCCGTTGTATTAGTAC 

S^^J°?!"iS!;!HP AlaAr 9M e «leI«uMetThrHtsPhePheServalLeuIU 

CGGTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAG 

GluProLeuAspLeuProProllelleGlnArgLeu 
GAACCACTTGATCTACCTCCAATCATTCAAAGACTC 
CTTGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG 
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-319 CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAAAGCGTCTAG 
GTGAGGTGGTACTTAGTGAGGGGACACTCCTTGATGACAGAAGTGCGTCTTTCGCAGATC 

-259 CCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATA 
GGTACCGCAATCATACTCACAGCACGTCGGAGGTCCTGGGGGGGAGGGCCCTCTCGGTAT 

-199 GTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA 
CACCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTGGCCCAGGAAAGAACCT 

TCAACCCGCTCAATGCCTGGAGATTTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT 
AGTTGGGCGAGTTACGGACCTCTAAACCCGCACGGGGGCGTTCTGACGATCGGCTCATCA 

GTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAG 
CAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCCTC 

- 19 GTCTCGTAGACCGTGCACC 
CAGAGCATCTGGCACGTGG 

Arg Thr 

i ^^ThrAsnProLysProGlnLysLysAsnLysArgAsnThrAsnArgArgProGln 
1 ATGAGCACGAATCCTAAACCTCAAAAAAAAAACAAACGTAACACCAACCGTCGCCGACAG 
TACTCGTGCTTAGGATTTGGAGTTTTTTTTTTGTTTGCATTGTGGTTGGCAGCGGGTGTC 



-139 
- 79 



61 



121 



181 



241 



«?Sl™i^ y f PhePr ^ 1 y G1 y G1 ^ 1 ^ IleValG1 y ( 31yValTyrLeuLeuProArgArq 
GACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGG 
CTGCAGTTCAAGGGCCCACCGCCAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCC 

CCGGGATCTAACCCACACGCGCGCTGCTCTTTCTGAAGGCTCGCCAGCGTTGGAGCTCCA 

TCTGCAGTCGGATAGGGGTTCCGAGCAGCCGGGCTCCCGTCCTGGACCCGAGTCGGGCCC 

TyrProTrpProLeuTyrGlyAsnGluGlyCysGlyTrpAlaGlyTrpLeuLeuSerPro 
TACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGCGGGATGGCTCCTGTCTCCC 
ATGGGAACCGGGGAGATACCGTTACTCCCGACGCCCACCCGCCCTACCGAGGACAGAGGG 

GCACCGAGAGCCGGATCGACCCCGGGGTGTCTGGGGGCCGCATCCAGCGCGTTAAACCCA 

LysVallleAspThrLeuThrCysGlyPheAlaAspLeuMetGlyTyrlleProLeuVal 
361 AAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACATAC^ 

TTCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGAGTACCCCATGTATGGCGAGCAG 

CCGCGGGGAGAACCTCCGCGACGGTCCCGGGACCGCGTACCGCAGGCCCAAGACCTTCTG 

Tlur 

abi G ^^ A ?^y^ aTtoG:L y Asn LeuProGlyCysSerPheSerIlePheLeuLeuAla 
481 GGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCTGGCC 
CCGCACTTGATACGTTGTCCCTTGGAAGGACCAACGAGAAAGAGATAGAAGGAAGACCGG 

541 CTGCTCTCTTCCraGS 

GACGAGAGAACGAACTGACACGGGCGAAGCCGGATGGTTCACGCGTTGAGGTGCCCCGAA 

TyrHisValThrAsnAspCysProAsnSerSerlleValTyrGluAlaAlaAspAlalle 
601 TACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGGCCGATGCCATC 
ATGGTGCAGTGGTTACTAACGGGATTGAGCTCATAACACATGCTCCGCCGGCTACGGTAG 

LeuHisThrProGlyCysValProCy sValArgGluGlyAsnAlaSerArgCy sTrpVal 
661 CTGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTG 
GACGTGTGAGGCCCCACGCAGGGAACGCAAGCACTCCCGTTGCGGAGCTCCACAACCCAC 
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721 GCGATGACCCCTACGGTCG^^ 

CGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGGCGCTGCGTCGAAGCTGCA 

!^ sI1 ^ s P 1 ^ uLeuValG1 ySerAlaThrLeuCysSerAlaLeuTyrValGlvAsDLeu 

ACGCCCAGACAGAAAGAACAGCCGGTTGACAAGTGGAAGAGAGGGTCCGCGGTGACCTCC 

TGCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGCGTACCGTACC 

Val 

CTATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTACCGAGTCGACGAGGCCTAG 

1021 S^^^^SMSS 

GGTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGC 



ATAAAGAGGTACCACCCCTTCACCCGCTTCCAGGACCATCACGACGA 
X^?^^ luTtoHisValT ^ 1 y G1 y Ser AlaGlyHisThrValSerGlyPheVal 

120! ^^sssssss^ssssssssssss^ssss^ 

TCGGAGGAGCGTGGTCCGCGGTTCGTCTTGCAGGTCGACTAGTTGTGGTTCCCGTCAACC 



1081 



1141 



1261 




i3 2 i SgSSSSSSffiSffiffig 

GAAAAGATAGTGGTGTTCAAGTTGAGMGTCCGACAGGACTCTTCGATCGGTCG^ 

1381 c'SSSSMg^ffiSSffi 

GGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTCCCTTCGCCGGGG 

1441 M?SSffiffiffigSS 
CTGGTCGOSGGGATGACGACCGIX^TGGGGGGTTTTGGAACGC^TAA^CGGGCGCTTC 

isoi 

TCACACACACCAGGCCATATAACGAAGTGAGGGTCGGGGCAC(^CCACCCTTCCTCGCTG 

i «i ^2™^iyH«£ roTto ^ rS ^ T ^ 1 y G1 ^ snAs P ThrAs PValPheValLeuAsn 
1561 aggtcgggcgcgcccacctacagctggggtcaaaatgaWgacgtcttcgtcctS 

TCCAGCCCGCGCGGGTGGATGTCGACCCCACTTTTACTATGCCTGCAGAAGCAGGAATTG 
TTATGGTCCGGTGGCGACCCGTTAACCAAGCCAACATGGACCTACTTGAGTTGACCTAAG 
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HisProThrT*»nVal d^k^ 

2641 



2701 



2761 



2821 



2881 



2941 



3001 



3121 



WiWiW ^ AA ^^CCCTGTTTTTGGTTCACCTCC(^CTCCAGGTC 

3181 M^fcS^S^X^^ 




3421 
3481 
3541 
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3601 

SSSSSSBSSSSSBSSS 
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5941 

A< 




6001 

Gly 
Va 

GT< 
CA 

6121 




6181 



6241 



SSaSSSSSESSSSSs 



6361 
6421 



GACGCCCTCCTCCATAGTAAGTCTQ^TCCTGAGGTCCT^TG^C^TCCC^^G^^T 
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FIG 17— ft 

- assssssssssBssBsa 

6601 iS^JIISi^^^^^y?^??^ 




*••' sasssss&ssam 



Ser 



PheAla 
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FIG. 17-9 



7441 ^SSSSSSfe^l^aSerLysValLysAla 

ctgtcggtaatggtc^S^^^ 

Phe 

7501. iSSSSSSSSS^^SSESS^SS^S!^^^ 



7621 fSTC?S^^^?j!S SPASBValThrI,roI le*=PTl>rThrIleM, 




'AGTACCGA 

BSSBEBM5BSSB& 

8221 ^A^?^S^^i^S^fS; L «^Al»Ph«hr 



828i S^S^SSB^SSggsagM^m^ 



8341 &SS^SStt Mael ^ 
C^GTATTGTAGIACGAiSSSS^S^^ 
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CAGATGATGGAGTGtMCACTGGGATCTTGGGGGGAGCGCTCTCGACGCA^CTCTCTCOT 
TCTGTG1X3AGGTCAGTTAA<MACCGATCCGTTGTATTAGT2^ 

cgctcctactatgactactgggtaaagaaatcgca(maatatcggtccctc^gaStt 

ft«;fii S™^)^ spCysGluIleT y rG1 y A laCysTyrSerIleGluProLeuAspLeuPro 
8581 ^£^ ATTGCGAGAT ^ 

gtccgggagctaacgctctagatgccccggacga^ 




GGTTAGTAAGTTTCTGAGGTACCGGAGTCGCGTAAAAGTGAGGTGTCAATGAGAGGTCCA 



8701 Sf«ffi 

CTTTAATTATCCCACCGGCGTACGGAGTCTTTTGAACCCCA 
Gly 

8761 SS^IISSS^SS^S^ 
TCTGTGGTCCGGGCCTCGCAGGOSCGATCTOAAGACCGGTCTCCTCCGTCCCGA^^^M 

ACACCGTTCATGGAGAAGTTGACCCGTCATTCTTGTTTCGAGTTTG 



FIG. 17-10 



SUBSTITUTE SHEET 



WO 90/11089 



PCT/US90/01348 



35/40 

IMMUNOLOGICAL SCREFNI NG IN BACTERIA 
Transform E coii with Recombinant Plasmids 
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Some conserved co-linear peptides in H CV & Flavivimses 



NS3 region 



NS5 

Highly-conserved 
Polymerase 
region 



Haviviruses 
(Yellow Fever, 
West Nile, Dengue) 



TATPPG SAAQRRGRIGRNP- 



— GDDCVV 



****** * ***** ** 



** * ** 



HCV 



TATPPG SRTQRRGRTGRGK- 



#1348 #1483 



-GDDLVV 



#2737 
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